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THE ADRENAL MEDULLA* 
W B Cannon 

Professor of Physiology Harvard University 


fact of fundamental importance in understanding the 
functioning of the adrenal medulla is its embryonic 
origin Neuroblasts migrating outward from the pnmi 
tive axis of spinal cord segments develop mainly into the 
ganglia of the sympathetic system, but some of them are 
transformed into the adrenal medulla Thus most of these neuroblasts 
become sympathetic neurones, a small remnant become secreting cells 
which, on being stimulated, discharge adrenaline Likewise, nearly all 
sympathetic neurones, when they are stimulated, discharge at their end- 
ings a substance which, according to strong presumptive evidence, has 
been regarded as adrenalme (Rosenblueth 1 , 1932) Since adrenaline is 
the characteristic constituent when extracts are made of the adrenal 
medullary cells and smce sympathetic neurones are like the medullary 
cells m origin and m producing adrenaline, or an adrenahne-like sub- 
stance, the question arose whether extracts of these neurones might not 
yield adrenaline 

The answer to that question was sought by Lissak and myself 2 



* Presented October 27, 1939 at The New York Academy of Medicine in the Twelfth Graduate 
Fortnight 
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(1939) We found that extracts of the ultimate sympathetic fibers, the 
“adrenergic” fibers (e g , those in the mesenteric nerves) or extracts of 
an organ containing such fibers (e g , the heart) have all the effects of 
extracts of the adrenal medulla itself They are like adrenaline m raising 
blood pressure, dilating the pupil, contracting the nictitating membrane, 
relaxing the non-pregnant cat uterus, augmenting the heart beat, and in 
other similar respects Extracts of “cholinergic” nerves, and also ex- 
tracts of the heart in which adrenergic fibers had degenerated, had no 
distinctn e adrenaline-like action on blood pressure or ins 

The evidence strongly indicates, therefore, that Elliott’s' 5 (1904) 
suggestion is correct, that the ultimate sympathetic neurones influence 
glands and cardiac and smooth muscle by the adrenaline which they set 
free at their terminals, and that adrenaline secreted from the adrenal 
medulla and circulating in the blood stream has on these structures the 
same influence as the nerve impulses because it is the same substance as 
that which they produce Since the sympathetic division of the auto- 
nomic system when strongly excited acts as a whole and thereby induces 
wide-spread changes in the organism— e g , stopping the digestive proc- 
esses, raising blood pressure, accelerating the heart, erecting hairs, as 
well as discharging adrenaline from the adrenal medulla— the combined, 
simultaneous action of sympathetic neuronal adrenaline and secreted 
medullary adrenaline is properly regarded as constituting a sympathico- 
adrenal system 

In addition to adrenaline discharged from the adrenal medulla, as 
a means of reinforcing or prolonging the effects of sympathetic nerve 
impulses, there is sympathm This is a substance which escapes into the 
blood stream, from organs innervated by the sympathetic, when the 
sympathetic system is specially active As we have noted, m these cir- 
cumstances adrenaline is discharged from the nerve endings and has its 
typical effects In doing so, however, some change occurs, because m 
some regions— in smooth muscles, for example— it causes relaxation and 
m others contraction Rosenblueth and I 4 (1933), following a theory 
offered by Langley, have suggested that neuronal adrenaline unites 
inside the reacting cells with a differentiating substance which makes 
possible the tv o opposite responses to a single agent In any case, sym- 
pathm differs from adrenaline For example, ergotoxine blocks the 
hypertensive action of adrenaline on blood pressure and reveals a de- 
pressne action, it has not that influence on the action of sympathm 
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And whereas adrenaline retracts the iris and relaxes the cat’s non- 
pregnant uterus, sympathin does not do so if it comes from a region 
where sympathetic nen es have a purely positive influence In general, 
however, the positively acting sympathin prevails, causing, for example, 
acceleration of the heart and rise of blood pressure The observations 
which Rosenblueth and 1 “ made in 1932, and which later were extended 
by Liu G (1935), proved that secreted adrenaline and circulating sym- 
pathin, liberated from stimulated structures, cooperate in augmenting 
or lengthening the duration of such changes A brief period of excite- 
ment will discharge adrenaline from sympathetic nerve endings, sym- 
pathin will come away from the affected organs and also adrenaline 
from the adrenal medulla These circulating sympathico-mimetic sub- 
stances may have effects w Inch outlast for minutes the exciting incident- 
effects which possibly explain the agitation which is experienced after 
the object or condition, which produced the excitement originally, has 
disappeared 

There was a time, about twenty years ago, when a lively controversy 
was going on be tv een Stewart and Rogoff, then of Cleveland, and a 
group in the Harvard Physiological Laboratory as to whether the 
adrenal medulla responds to changes involving the sympathetic system 
by an extra discharge of adrenaline (Cannon, 7 1929) The Cleveland 
investigators themselves furnished evidence that adrenal secretion is 
under control of the splanchnic nerves, for when they stimulated these 
nerves they saw a retraction of the denervated ins— a retraction which 
did not occur if the blood flow through the adrenal veins was obstructed 
during the stimulation, and which did occur when the pent blood 
was released They denied the claims of the Harvard group, however, 
that afferent stimulation and asphyxia, which are accompanied by a 
natural discharge of splanchnic impulses, induce a similar increase of 
the secretion In 1922, Carrasco-Formiguera and I, 8 using as an indi- 
cator the denervated heart instead of the denervated iris, provoked an 
acceleration of the heart rate by stimulating afferent nen es or inducing 
asphyxia When we obstructed the blood flow through the adrenal veins 
these reflex and asphyxial effects did not occur, and when the pent blood 
v as released the heart w as again accelerated The logic of the situation 
thus presented required Stewart and Rogoff to accept our evidence for 
reflex and asphyxial secretion from the adrenal medulla or to repudiate 
the e\idence on which they based the conclusion that the output of 


6 


THE BULLETIN 


adrenaline is under splanchnic control That dilemma has not been met 
in the past seventeen years 

In reports of the work done by Steu art and himself, Rogoff 9 (1935) 
has repeatedly and insistently laid stress on the fact that they employed 
a quantitative method The method involved collecting blood from the 
adrenal \ eins as it gathered during a measured time in a section of the 
inferior \ ena cava, the so-called “cava pocket,” and then assaying the 
adrenaline content of this blood by comparing its effect and that of 
various concentrations of adrenaline on a beating intestinal strip By 
use of this method the Cleveland investigators obtained results which 
led them to infer that adrenal secretion is constant and unvarying, in- 
deed, Rogoff has declared that the conclusion that asphyxia and central 
stimulation induce an extra output of adrenaline “has never been sup- 
ported by satisfactory measurements of the rate of secretion ” That 
statement indicates disregard for the results obtained by Rapport and 
myself 10 (1921), and by Satake and his colleagues 11 (1927) with use of 
the very method which Stewart and Rogoff devised For more than a 
dozen years the Japanese investigators labored m this field They pub- 
lished a large volume of experimental studies which definitely and 
quantitatively confirmed the results obtained by the Harvard group 
and which also clearly explained Stewart-and-Rogoff’s failure as being 
due to too deep anesthesia Rogoff has not only not attended to this 
evidence contradictory to his views, he has not attended to the studies 
of various observers— m Europe, Africa, South America— who with dif- 
ferent methods have supported consistently our conclusions Indeed, in 
the past twenty years there has been no support whatever, from any 
quarter, for the claims of the Cleveland pair I offer no apology for 
recalling this old controversy, because there still appear in text books 
and even m a fairly recent publication of the American Medical Asso- 
ciation (Rogoff, 0 1935) statements which lead readers to conclude that 
the issue is not fully settled and that there is still some question about 
extra adrenal secretion v, hen the sympathetic system is active 

As I have intimated, m the course of this controversy the denervated 
heart was used as an indicator of increased adrenaline in the circulation 
It is extremely sensitive, responding by a faster beat when the adrena- 
line concentration is increased by only 1 part in 1,400,000,000 parts of 
blood When, with aseptic precautions, the heart has been isolated from 
the nervous system the animal may live indefinitely, with the heart con- 
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turning to perform its proper functions as a pump (Cannon, Lewis and 
Britton, 12 1926) Hence, while the animal is in excellent physical con- 
dition, records can be made of the heart rate under various experimental 
conditions and thereafter the adrenal glands can be excluded from 
action— by removing one of them and denervatmg the other— and rec- 
ords of the heart rate then made again under the same conditions Thus, 
by finding that an acceleration occurred during the tests, and that 
acceleration failed to occur after adrenal inactivation, we were able to 
show that muscular work, emotional excitement, asphyxia, low blood 
pressure, external cold, infection, and hypoglycemia were accompanied 
by an extra secretion from the adrenal medulla, and extra activity of the 
sympathico-adrenal system 9 10 11 12 Each one of these situations makes a 
special demand on the organism or is likely to make that demand In 
each one of them the operation of the system is such as to favor the 
welfare of the organism The blood flow is shifted m such manner as to 
promote effectiveness m muscular effort, the metabolic rate is speeded 
up when the temperature tends to fall, glucose is liberated from hepatic 
stores when the amount in the blood is dropping to a low level, the 
capacity of the blood vessels is adapted to a reduced blood volume In 
short, as these illustrations indicate, the system promptly and automat- 
ically makes adjustments which are required to prepare the organism for 
temporary exigencies or to preserve its normal internal condition when 
that is likely to be disturbed Such services performed by the sym- 
pathico-adrenal system at times of unusual or critical need I have called 
its “emergency” functions (Cannon, 7 1929) 

Much of the evidence that the sympathico-adrenal system performs 
its special services m times of stress was gained by study of animals— 
dogs, cats, monkeys— from which that system had been wholly removed 
The possibility of continued existence without any sympathetic nerves 
may seem surprising, for they belong to what have been called “Lebens- 
nerven ” Yet we have been able, quite easily, to keep sympathectomized 
animals under the quiet and uniform conditions of the laboratory many 
months— in one instance more than three years— m good health and 
nutritional status Cats were most thoroughly investigated So long as 
they were not subjected to stress they appeared quite normal But when 
they were exposed to heat or cold they were revealed as defective m 
their ability to maintain body temperature, when they lost blood they 
were defective in restoring compensatory blood pressure, when they 
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ran or struggled the blood pressure fell and they fainted, when placed 
m an atmosphere of low oxygen concentration they collapsed much 
sooner than animals with the sympatlnco-adrenal system intact, and 
u hen given insulin in amounts readily endured by normal cats they 
suffcicd a sharp drop m blood-sugar percentage which would have been 
disastrous if they had not been rescued (Cannon, 13 1939) It was inter- 
esting to learn that although sympathectomized dogs showed in emer- 
gencies effects similar to those shown by sympathectomized cats the 
effects were not so extreme The difference can reasonably be ascribed 
to the remarkable physiological developments which the dog possesses 
as a running animal a much larger lung surface, cardiac capacity and 
blood volume for his weight than the more indolent cat possesses, in 
addition to having a higher hemoglobin percentage, a readier resort to 
shivering when cold and resort to panting when warm Note that in all 
these respects removal of the sympathico-adrenal system produces no 
adverse alteration There is one condition in which these advantages of 
the dog cannot be effective— 1 e , in the mobilization of sugar from the 
liver when an excess of insulin is given In those circumstances the sym- 
pathectomized dog is as vulnerable as the sympathectomized cat (Can- 
non, 14 1939) It appears, therefore, that the sympathico-adrenal system 
is called into action in emergencies and has a fundamentally important 
function m maintaining a fairly uniform condition m the fluid matrix 
of the organism, the blood and lymph (Cannon, 13 1939) 

The foregoing discussion has been concerned chiefly with the com- 
bined functions of the sympathetic division of the autonomic system 
and the secretion of the adrenal medulla— 1 e , with the functions of the 
sympathico-adrenal system The question arises as to whether secreted 
adrenaline, itself, has a distinctive use RogofP (1935) has declared that 
it does not play an important role in the body and that “no specific 
function for epinephrine (adrenaline) has been proved ” The mam argu- 
ment against the utility of secreted adrenaline is based on the fact that 
one adrenal may be removed and the other may be demedullated with- 
out endangering the life of the animal Obviously the adrenal medulla 
is not essential to existence There is a difference, however, between 
being useful and being essential As we have many times demonstrated, 
the cardiac nerves may all be severed in animals which survive the oper- 
ation for many months, the nerves are clearly not essential, but is there 
anyone who v ould suppose, therefore, that they are not usefuP Sinn- 
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larly the survival of animals without the sympathetic system pro\ es that 
it is not essential, but again are w e to conclude, therefore, that it is not 
uscfuP In order to know the utility of adrenaline we must consider 
what changes are wrought by exclusion of the adrenal medulla, quite 
apart from continued existence 

First, there is the cooperation between secreted adrenaline, neuronal 
adrenaline and circulating sympathin, already referred to Actual rec- 
ords show, as previously noted, that a momentary excitement may have 
bodily effects lasting 15 to 20 minutes if the adrenals are present and 
only brief effects if the glands are excluded from action These records 
prove that adrenaline intensifies and prolongs the influence of sympa- 
thetic impulses 

Again, adrenaline has an accelerating action on metabolism One 
milligram of adrenaline will cause an increased output of heat amounting 
to 50 calories I have already mentioned the evidence, derived from 
experiments on animals with the heart denervated, that when the body 
temperature tends to drop, because of exposure to external cold, there 
is an increased secretion from the adrenal medulla If the adrenal influ- 
ence is suppressed and the animals, thus rendered defective, are sub- 
jected to the same conditions as before, shivering occurs to a greater 
degree than when the adrenals were present and able to augment metab- 
olism, 1 e , the animals fall back on muscular contraction as a means of 
producing extra heat 

Another effect of adrenaline which has been reported by a number 
of investigators— among them Mendenhall and myself 1 '' (1914)— is that 
of hastening the coagulation of the blood When adrenaline is injected 
this phenomenon occurs, and when adrenaline is secreted, either as a 
consequence of splanchnic stimulation or as a consequence of excite- 
ment, the time of coagulation is likewise greatly shortened If the 
adrenal medulla is excluded and the conditions which normally evoke 
secretion are repeated, the faster clotting does not occur 

Finally, there is the special effect of adrenaline on the liver In 1928 
E.iegele 16 described a network of extremely delicate nerve filaments 
between the liver cells, with offshoots reaching into the cellular cyto- 
plasm This observation, if correct, would establish a basis for imme- 
diate nervous government of liver function The observation, how ever, 
has been questioned Two years ago Nomdez 1 ' (1937) reported that 
the silver method used by Riegele not only may stain nerve fibers but 


THE BULLETIN 


I O 


also may impregnate fine connective tissue strands and thus confuse 
the picture “Up to the present,” Nomdez wrote, “no nervous structure 
resembling a network has been described m the liver ” 

The testimony that nerve filaments are not distributed to liver cells 
is in accord with the evidence that a relatively small dose of insulin 
induces a swift and unchecked and quite abnormal fall of blood sugar 
m animals from which the adrenals have been removed, although hepatic 
nerves are still intact (Cannon, Mclver and Bliss, 18 1924) It is also m 
accord with observations that emotional excitement does not cause the 
usual hyperglycemia m animals without adrenals, but again with hepatic 
nerves intact (Britton, 10 1928) Supporting evidence was furnished by 
the experiments which Lissalc and I 2 (1939) performed this year It will 
be recalled that we found an adrenahne-hke substance in the ultimate 
sympathetic neurones, whether these neurones, or parts of them, were 
isolated or were imbedded m organs, e g , the heart The significant 
fact appeared, that whereas extracts of liver blood vessels raised blood 
pressure, dilated the pupil and speeded up the heart rate— thereby re- 
vealing the presence of sympathetic fibers on them— extracts of liver 
pulp had little or no adrenalme-like action The occasional slight action 
can be explained as due to the difficulty of removing the pulp from the 
vessels without pulling away some of the vascular twigs All these ob- 
servations, taken together, indicate clearly that the liver cells are not 
subject to direct nervous control 

It appears that the liver can play a role m carbohydrate metabolism 
quite independently, both by taking in and giving forth glucose By a 
simultaneous determination of the rate of blood flow through the liver 
and the glucose content of the inflowing and the outflowing blood it 
has been shown that during control periods the liver secretes glucose, 
and that when glucose is abundantly supplied secretion ceases and sugar 
is retained (Soskin, Essex', Herrick and Mann, 20 1938) In an emergency, 
however, as, for example, m great excitement or when insulin is abun- 
dant, this intrinsic mechanism is not adequate Faster glycogenolysis is 
required in order to mobilize blood sugar In these circumstances, 
adrenaline discharged from the adrenal medulla is the effective agent 
for releasing glucose from the hepatic stores 

Because an injection of adrenaline raises blood pressure, by acceler- 
ating the heart and constricting arterioles, an idea has prevailed that 
persistent hypertension may result from overactivity of the adrenal 
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medulla In a temporary test, as Freeman and Jeffers 21 (1939) have 
show n, secreted adrenaline may play a significant role in producihg a 
brief experimental hypertension, but that occurred when the heart w'as 
denervated and when its acceleration depended on medulhadrenal secre- 
tion If the heart w r as normally innervated, the effect w r as produced 
quite as well without any participation of the adrenal glands Again we 
note a cooperation of adrenaline and sympathetic impulses m the sym- 
pathico-adrenal system— a cooperation which permits either of the part- 
ners to compensate, m this condition, for absence of the other But 
neither of these partners is necessary for the maintenance of normal 
blood pressure The entire sympathetic system may be progressively 
removed and yet vascular tone is well preserved and the pressure is held 
within the normal range (B Cannon, 22 1931) This is not a consequence 
of compensatory secretion of adrenaline, for there is experimental proof 
that the adrenal medulla does not secrete unless it is stimulated by ner- 
vous impulses, except in the rare state of extreme asphyxia (Zwemer 
and New- ton, 23 1928) The sustained contraction of the arterioles after 
sympathectomy appears to be due to intrinsic properties of the smooth 
muscle in the vessel walls 

Two types of prolonged hypertension can be produced experi- 
mentally one the result of removal of the restraining nerves (1 e , those 
from the carotid sinus and the aortic arch), as demonstrated by Hey- 
mans and his collaborators, the other the result of lessening the blood 
flov r through the kidneys, as demonstrated by Goldblatt and his 
collaborators (Cannon, 24 1937) The former type, Heymans and 
Bouckaert 25 (1936) report, disappears when the sympathico-adrenal 
system is entirely excluded from action Whether this type ever occurs 
clinically is as yet unknown The second type— that produced by Gold- 
blatt clips on the renal arteries— is not affected by sympathectomy 
Freeman and Page 20 (1937) have found that application of the clips 
induced hypertension m completely sympathectomized animals and that 
if hypertension had been produced by partial renal ischemia, later 
removal of the sympathetic did not improve the condition I have felt 
justified in emphasizing the absence of evidence that excessive adrenal 
secretion explains high blood pressure because, unfortunately, the idea 
that the adrenals are the cause of it has prevailed and has led to se\ ere 
operations directed towards denen ating them in order to abolish their 
supposedly pernicious discharge There is no doubt that if adrenal secre- 
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tion should be discharged in sufficient amount to produce a high blood 
pressure it u ould have other wide-spread and highly disturbing effects 
on the organism such as are, m fact, not seen m cases of hypertension 
In summarizing the part played by the adrenal medulla m the func- 
tioning of the organism we may recognize that it cooperates with 
sympathetic impulses m producing adrenaline, that this sympathico- 
adrenal system is brought prominently and usefully into action in emo- 
tional excitement, m vigorous muscular work, m asphyxia, low blood 
pressure, chilling surroundings and hypoglycemia— m brief, that it serves 
effectively m emergencies, furthermore, that this service can be given a 
general expression in stating that the system guards the constancy of the 
internal environment of the organism, and finally that secreted adrena- 
line itself acts to prolong the effects of nerve impulses, to accelerate 
metabolism, to shorten coagulation time and to release glucose from the 
liver There is no evidence that secreted adrenaline is an important 
agent in maintaining a high blood pressure 
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DIAGNOSIS AND TREATMENT* 

J H Means 

Jackson Professor of Clinical Medicine, Har\ard XJnnersit> 



gsa5HSSSESHSH3HE term hypothyroidism obviously signifies a state m 
' ® which the individual receives less of the hormone charac- 

teristic of the thyroid than is required by his body 
economy for the preservation of health W e are all quite 
familiar with such clinical varieties of hypothyroidism as 
cretinism, endemic or sporadic, and the myxedema of children and of 
adults We also recognize hypothyroidism following extensive surgical 
removal of thyroid tissue, or destruction of thyroid tissue by certain 
types of chronic inflammation 

I have been asked to discuss with you the diagnosis and treatment of 
these conditions and that I will do but I must say something also of 
etiology and morbid physiology because it is upon these that sound 
clinical practice must rest 

Adult myxedema was first described by Gull m 1 874 and its cure by 
the administration of thyroid was contributed by Murray in 1891 It is of 
interest to note that Murray died September 23, last— the father of endo- 
crine-substitution therapy It is also worth noting that probably the 
first patient to receive his treatment in the United States is still alive at 
the age of eighty-seven Mrs B is now the patient of Alexander Burgess, 
of Providence, who kindly gives me frequent bulletins of her progress 
Her symptoms were first noted in 1888 and her doctor diagnosed Bright’s 
disease and said she could not live six months In 1892 another doctor, 
keener in diagnosis and up to date on his literature, diagnosed myxedema 
and started her on thyroid She has taken it ever since 

The case of Mrs B teaches us the calamity of missing the diagnosis of 
myxedema Had it not been made she would have died m 1903 or earlier, 
because fifteen years seems to be as long as one can live after the onset of 
myxedema without thyroid therapy The symptoms and signs of myx- 
edema are so striking, so characteristic, that there would seldom seem 
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to be any excuse for missing the diagnosis The classic picture should be 
familiar to every doctor, and if when present there can likewise be 
demonstrated low basal metabolic rate— minus thirty-fit e or lower— and 
elevated blood cholesterol, the diagnosis is practically certain Never- 
theless, in our clinic we get patients each year in w hose cases the diag- 
nosis has been missed Often the error is in supposing that the patient 
has Bright’s disease Doctors thus give us the opportunity to make cures 
which they could easily have made themselves, and for which they could 
have got the credit 

A few years ago I would have told you that spontaneous, acquired 
myxedema of adults is due to primary atrophy of the thyroid, that the 
effect of this atrophy is to produce a simple athyreosis, the effects of 
which can be completely corrected by the administration of sufficient 
quantities of dried thyroid gland The only reservation I would have 
made would have been that in patients with arteriosclerosis you must 
beware of producing angina pectoris by too rapid elevation of the rate of 
metabolism, with a resulting inadequacy of coronary blood flow 

Today these statements will still hold in most instances, but recent 
experience has indicated that there are a few cases of what clinically is 
myxedema in w Inch the etiology is different and the indications for treat- 
ment different These are cases in which the primary fault lies in the 
pituitary instead of in the thyroid The myxedema is the result of a 
hypothyroidism due to lack of stimulation of the thyroid by the pituitary, 
rather than to primary failure of the thyroid itself Actually these patients 
have a form of pituitary cachexia, or Simmonds’ disease, but for reasons 
unknown, the emphasis in their symptomatology is so strikingly on their 
hypothyroid manifestations that other hypopituitary symptoms or signs 
escape attention m the clinical evaluation 

Our attention w r as drawn to this special type of myxedema by the 
following experience A wximan of forty-eight entered December i, 
1936, with what appeared to be fairly classic myxedema of about ten 
years’ duration On treatment with thyroid these manifestations disap- 
peared How ever, she soon developed new symptoms— nausea, a omiting, 
fc\ cr, psychosis and convulsions, and died on the thirtieth day of treat- 
ment At autopsy there was found fibrosis of the anterior lobe of the 
pituitary and atrophy of the thyroid, parathyroids, adrenals, o\ anes and 
uterus These pathologic changes are characteristic of Simmonds’ disease 
and the terminal symptoms are like those sometimes seen m the crises of 
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Addison's disease 1 

More recently, my colleague, J Lerman, referred to the hospital a 
Moman of thirty years (U 17783 3), whom he thought had ordinary 
myxedema On thyroid therapy she also improved as to her myxedema 
manifestations, but presently went into an undoubted state of adrenal 
insufficiency, from which, however, she was rescued by vigorous treat- 
ment with sodium chloride 

Although rare, cases of this type are important, because of the 
hazards of treatment with thyroid Their detection will depend upon the 
discovery of evidence of coexisting underfunction of other endocrine 
glands than the thyroid In women developing myxedema prior to the 
menopause the occurrence of amenorrhea, m place of the usual menorr- 
hagia of myxedema, would be very suggestive of the pituitary type 
However, there may be no absolute method of recognition except by 
very careful control of thyroid therapy m all cases of myxedema, and 
to the well known danger of inducing angina pectoris, we may add the 
occasional one of producing Addisonian crisis 

The treatment of the usual type of myxedema is so simple that we 
need not devote much time to it The objecave should be to rid the 
patient of lus symptoms and clinical signs with the smallest daily ration 
of thyroid by mouth that will accomplish this purpose Usually this will 
be found to be in the neighborhood of one to one and a half grains of 
thyroid U S P , once daily If such dosage produces any sort of untoward 
symptoms, angina or other, thyroid should be stopped for a few days 
and then resumed in smaller dosage We have some patients who cannot 
tolerate rations of over one-half to three-quarters of a gram a day 
During the inauguration of thyroid therapy the doctor, for the reasons 
given above, should have the patient under close surveillance, and only 
after the size of the permanent ration has been well established, is it wise 
to lengthen the time between check-ups 

The treatment of the pituitary type is far from simple Persons so 
afflicted are m need of all the functions of the anterior lobe of the 
pituitary This might be provided either by administering the anterior 
lobe hormones themselves, thyrotropic, adrenotropic, gonadotropic, or 
the hormones which the other endoermes make under anterior lobe 
stimulation, namely, thyroid, coran, estrin 

As a matter of fact, in pracace good results may probably be ob- 
tained in such cases by a combination of small doses of thyroid when the 
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patient is protected against adrenocortical insufficiency by a high salt 
intake, and some preparation containing the gonadotropic principles of 
the anterior lobe 

The effects of hypothyroidism are more serious when the state super- 
\ cues before groat th has been attained than after The adult at ho acquires 
myxedema, if normal before the disease began, can be made normal again 
by adequate treatment aaath thyroid On the other hand, hypothyroidism 
during infancy or childhood, if long untreated, will result in physical 
and mental stunting which no amount of substitution therapy later can 
altogether alleviate Indeed, cretinous children, aaho have reached ten 
years w ithout treatment, derive little if any benefit from thyroid About 
all the effect it has upon them is to make them irritable and less manage- 
able than when in their athyreotic vegetable-like state The earlier in life 
hypothyroidism occurs, and the longer the interval before adequate treat- 
ment is established, the more grave will be the consequence 

Thus the prognosis in cretinism, that is to say, congenital hypothy- 
roidism, whether of the endemic or sporadic \anety, is problematical 
Certainly the outlook is brightest when the correct diagnosis is made very 
early in life and treatment started and maintained throughout the growth 
period and thereafter Even so, on the question, whether an absolutely 
normal mental development can occur, authorities differ 

The early diagnosis of cretinism depends upon recognition of the 
significance of characteristic facies, habitus and behavior It can be made 
in the early months of infancy Among the earliest signs, as pointed out 
by Talbot , 2 are a heavy expression, and pig-like appearance of the eyes 
A curious yellow tint appears early on the mesial aspect of the cheeks, 
disappearing when the infant cries Changes in the tone of the voice in 
the direction of hoarseness arc alw ays important Later the appearance 
of the cretin becomes thoroughly characteristic— a round stupid face, 
w ide flat thick nose, open drooling mouth from w hich protrudes an over 
large tongue The neck is short and thick, the trunk short, the belly 
prominent, alw avs w ith umbilical hernia, the skin is dry and harsh, fat 
pads appear about the shoulders, and denation is delayed 

Laboratory confarmaaon can be had by demonstrauon of low basal 
metabolic rate ele\ ated blood cholesterol, or by x-ray show ing delayed 
bone age 

As soon as the diagnosis of cretinism is made subsutution therapy 
w ith tin roid should be started and should be continued m adequate 
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dosage without interruption throughout life 

The criteria of adequate dosage are several Not only have we basal 
metabolic rate and blood cholesterol as measuring sticks, but also bone 
age, height age, and mental age I agree heartily with Wilkins , 3 who 
claims that it is not sufficient to maintain basal metabolic rate and 
cholesterol at normal levels, but that every effort to secure the right 
growth rates is also essential To make up for lost time m regard to these, 
Wilkins points out that it may be necessary to keep the cretin for a time 
mildly hyperthyroid In my clinic the experience has been the same 
The magnitude of dosage that may achieve the desired ends is some- 
what as follows 


Aqc Dosage 


2- 4 months 

1/10 grain per day 

4- 8 

1/5 gram per day 

8-12 

3/10 gram per day 

12-24 

2/5 to % gram per day 

2- 4 years 

% to iy 2 grams per day 

4-12 

1 to 3 grams per day 


The reports of success with treatment vary Certainly no amount of 
treatment will make the cretin more intelligent than he would have been 
had he not been a cretin, and in the experience of several competent 
observers, even with seemingly good treatment, a distressing number of 
cretins end up Math mental ages of not over ten or eleven years, although 
m other respects they become quite normal adults None the less a few 
do better than this, and a mental age of ten or eleven with a normal body 
is vastly to be preferred to the state of imbecilic dwarfism that would 
persist if no treatment, or inadequate or unsustained treatment, were 
given 

"When myxedema is acquired in childhood, the child having made a 
normal growth m all respects up to the tame hypothyroidism supervened, 
the results of treatment are nearly as perfect as m adult myxedema In 
order to make accurate predictions of what may be expected of treat- 
ment, therefore, it is necessary to distinguish sharply in diagnosis be- 
tween cretinism and juvenile myxedema This should not be difficult 
because the child Mho has acquired myxedema does not possess the 
dM'arfism and gross habitus of the cretin, but merely the dry skin, puffi- 
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ness and retardation displayed by the adult w ith myxedema 

In conclusion I urge you to be on the look-out for all types of hypo- 
thyroidism, for it is most unfortunate to miss the diagnosis of a curable 
disease In treating adults -with myxedema, be watchful for untoward 
effects during the inauguration of therapy, and reduce the dose of thyroid 
if they occur With regard to cretins, the important points arc \ cry early 
diagnosis, and sustained and sufficiently large dosage of thyroid through- 
out life 
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THE MODERN TREATMENT OF PYOGENIC 
OSTEOMYELITIS* 

Dallas B Phemister 

Professor of Surgerj, Umversitj of Clncngo 


a new treatment of pyogenic infection such as sulf anil- 
ide is introduced, it is always appropriate to consider 
n relation to osteomyelitis because of the high mortal- 
, prolonged morbidity, resistance to treatment, and 
rlced tendency to recurrence, characteristic of this 
disease I have not had a great experience with sulfanilamide but I shall 
take advantage of the occasion to review the general field of osteo- 
myelitis therapy which is the subject of much controversy 

The reason for the difficulties encountered in the treatment of osteo- 
m\ elms is to be found mainly in the nature of bone itself The infection 
begins within a rigid tube which offers resistance to external drainage 
and invites spread along the medullary canal with death of bone The 
presence of lime salts in the dead bone causes it to be broken down 
much more slowly than soft tissue and only by the direct cellular action 
sequestrated parts are either extruded or have to be surgically removed 
The persistence of cavities, large and small, which remain the seat of 
infection, leads to a state of chronic osteomyelitis and is responsible for 
recurrences The infected bone cannot be completely excised, as m the 
case of an infected viscus, such as the appendix', because of danger of 
creating a defect Another difficulty is that osteomyelitis is due to the 
staphylococcus in about 90 per cent of the cases and the body is particu- 
larly slow r to develop an immunity against infection by that organism 
If we review the pathogenesis, the portal of entry of the organism 
cannot be detected m about 75 per cent of the cases, but m the other 
25 per cent it is known to be a local infection usually of the skin, less 
often in the respiratory tract In the other 75 per cent it is presumably 
a small hidden point of infection Micro-organisms are fed into the blood 
stream from here, lodging in the sinusoids, or possibly m clumps as small 
emboli, and setting up infection in the bone Large septic emboli rarely 
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lodge in bone creating massive infarction and osteomyelitis In some 
cases bacteria lodge in other structures as well and simultaneously give 
rise to sepsis In the great majority of cases this is not so They set up 
only osteomyelitis 

The evolution of the osteomyelitic focus is then an extremely vari- 
able one In severe cases it spreads rapidly, destroys the bone extensively, 
and in turn may give rise to sepsis From this group of severe cases the 
grade of inflammation may range all the \\ ay down to a localized osteo- 
myelitis w ith slight local and general symptoms Because of this marked 
\ anation in extent and sc\ critrs , it is difficult to discuss the treatment m 
brief general terms and each case calls for more or less individual 
consideration 

Septic cases Ostcoim chtis as a part of a v idespread sepsis does 
not call for operatn c treatment It should be netted by fluid administra- 
tion, In blood transfusions and, in the ptesent opinion of the profession, 
by sulfanilamide or dern am cs How successful the drug will be is still 
uncertain but it is doubtful if cures will be effected Long states that 
in staphylococcus sepsis little is to be expected from its use If abscesses 
point they should be drained 

Set ere cases that arc primarily osteomyelitis fall into tw o age groups 
infants and children, adults 

Osteomyelitis m infants and very i oung children differs consider- 
ably in ctiolog\ , patholog\ and clinical course from that in older indi- 
viduals and its treatment is somewhat different It is due to hemolytic 
streptococci in about 50 per cent of the cases The lesion is more often 
localized to the end of the shaft, although multiple involvement is com- 
mon A reason for this is that the cortex is thin and permeable and the 
pus quickly breaks through, forming a peripheral abscess The children 
are usually very sick at the onset 

Treatment should consist of fluid administration, blood transfusions, 
sulfanilamide and immobilization of the affected part Operation is badly 
tolerated and should be postponed until abscesses form which should be 
opened through small incisions There is larcly necessity for early open- 
ing of the bone for drainage of abscess even m mild cases Dead bone is 
absorbed rapidly, cavities fill out and in three or four months the bone 
is restored to normal as show'll by rocntgcnogiams 

Severe osteomyelitis m older children and adults should be treated 
expectantly in its early stages by parenteral fluids, blood transfusions. 
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sulfanilamide and immobilization In eighteen cases of staphylococcus 
osteomyelitis treated by sulfanilamide the results were doubtful Very 
early operation for opening the bone before extension of the infection 
to the outside has occurred is usually more dangerous than helpful Prac- 
tically most cases do not offer the surgeon the opportunity of early 
operation because they are sent to the hospital later after abscesses have 
formed 

Usually pus will localize and appear external to the bone in from 
three to seven days Aspiration is a helpful adjunct m detecting it When 
the abscess can be located, it should be opened and drained with small 
single or multiple incisions and as little anesthesia and blood loss as 
possible Local anesthesia may frequently be employed However, if 
the patient continues very ill and external pus does not appear within a 
few days, do not hesitate to operate, making an opening through cortex 
and draining the medulla Failure to do so may mean marked spread of the 
infection and necrosis of the bone, and in some cases the development 
of septicemia 

Milder forms of acute osteomyelitis and especially the localized 
abscesses in which the general symptoms are not marked call for less 
urgent treatment, and are usually seen by the surgeon at an even later 
date than the severe cases As soon as the lesion can be definitely localized 
with roentgenograms or otherwise, it should be drained and the cavity 
effaced, as the earlier this is done, the less the likelihood of establish- 
ment of a chronic osteomyelitis 

Secondary foci of osteomyelitis are common, beginning days to years 
after the onset of the primary focus 

The great majority of them are localized lesions and they often 
develop with mild local symptoms or even silently I have seen many 
instances where weeks or months elapsed before they caused local 
symptoms or a local swelling and where they were discovered inci- 
dentally in roentgenograms They should be treated by the same opera- 
tn c procedure as is used for the primary cases 

The treatment of the subacute and chronic stages of osteomyelitis 
is the subject of much less dispute than is that of the acute stage Sulfan- 
ilamide usually has no influence on the condition, although I have seen a 
fen cases w here rapid healing followed its use By far the most important 
point is the performance at the earliest possible time of a thorough 
operation, for the removal of dead bone and the effacement of cavities, 
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pockets and bone sinuses As much chronically infected bone should be 
removed as is compatible with preservation of continuity of the shaft 
Subperiosteal resection results in interruption of continuity so often that 
it is rarely indicated except m the ribs, upper portion of ilium and fibula 
where it should be used routinely since the creation of a defect in those 
regions makes no difference 

The type of dressing employed afterward is of minor importance 
The wound may be packed open for three to six days and afterwards 
dressed with surface dressings Cast immobilization is indicated m case of 
large wounds The wound may be dressed with an Orr vaseline pack 
and a cast applied with changes of the pack every four to six weeks 
This latter method is often a very annoying and unpleasant form of 
treatment I can see no fundamental virtue in it and do not use it Cases 
thus treated heal as well but no better than those treated by the first 
method 

I have said nothing of vaccines, serums, maggots, and bacteriophage 
in the treatment of cither acute, or chronic osteomyelitis None of them 
seems to have proven sufficiently practical or to have given sufficiently 
satisfactory results to have won a general and lasting place in osteo- 
myelitis therapy Personally, I do not try to use any of them 

In closing, I realize that this discussion of the treatment of osteo- 
myelitis has been very incomplete and I have mentioned few of the 
technical aspects of the problem but I have tried to select only those 
features which I considered most appropriate for this program 
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he title of this paper may seem strange to some It is based 
on the consideration that mastoiditis, petrositis, labyrinth- 
itis, Bezold’s abscess, sinus thrombosis, and brain abscess, 
as well as meningitis of otic origin, are simply “exten- 
sions” of otitis media The middle ear is the primary 
focus and also the most important drainage point, hence the emphasis 
will be on it rather than on other parts 

To understand the chemotherapy of otitis media and its extensions 
it is necessary to know something of the average course of the disease 
and something of the development and detailed anatomy of the tem- 
poral bone As every physician knows, the latter consists of relatively 
flat outer parts called the squamous and mastoid portions from which 
projects inward a roughly three-sided structure called the petrous pyra- 
mid This pyramid is the most important part of the temporal bone 
because it forms the keystone of the base of the skull and contains the 
middle ear and labyrinth The labyrinth will not concern us in this 
paper because it is only secondarily involved in infections of the tem- 
poral bone We are here only interested in the primary infections As 
mentioned above, these spring almost invariably from the middle ear, 
although blood stream infections from distant foci have been described 
Simply stated, the ex'ternal auditory meatus develops from the first 
branchial cleft, while the middle ear and Eustachian tube develop from 
the first branchial pouch The lining of the middle ear cavity, therefore, 
is made up of mesoderm and entoderm which is continuous with meso- 
derm and entoderm of the nasopharynx The ear drum is the partition 
between the outside and inside invagination and consists therefore, not 
only of the lining of the middle ear but also of the stratified squamous 
epithelium v Inch develops from the ectoderm of the embryo Now at 
birth, the middle-ear cavit} 7- is almost entirely filled with mesoderm, but 

* Presented October 5 1939 it The New \ork Acidemj of 'Medicine in the S>mposium on ‘‘The 

Trotment of P'ogenic Infections with Special Reference to Chcmotherapj ’ 
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as the individual grows this becomes thinner and thinner, so that m 
adults the submucosal tissues are so thin that they he directly on the 
underlying bone This single, rather flat-celled layer of epithelium and 
its underlying connective tissue is therefore often called “mucoperi- 
osteum ” 

At birth the petrous pyramid, exclusive of the middle ear cavity, 
consists of bone, labyrinth, fibroblastic marrow and spaces for blood 
vessels As the temporal bone grows, the fibroblastic marrow begins to 
be replaced by air-filled mucous membrane which pushes out in all 
directions, but most extensively through the antrum, into the mastoid 
and thence into the squamous portions of the bone 

Just how far this process will go in a given, growing child we have 
no means of prediction In the opinion of the author, noimal pneu- 
matization of the temporal bone is largely a matter of the hereditary 
formation of the skull Perhaps the size of the brain has something to do 
with it (cf the studies of Dyke and Davidorf in cases of hemiatrophy 
of the brain) The generally accepted theory is that of Wittmaack who 
believes that reduced pncumatization is due to early infection of the 
mucous membrane which prevents normal invagination of the air-filled 
middle-ear sac Others present different theories Actually, we do not 
know any more about why some mastoids are large and highly pneu- 
matized than we do about why some feet are big and flat while others 
are small and arched There are undoubtedly many factors, some nor- 
mal, some pathologic, which contribute to the final result Plowevcr, it 
makes a great difference whether the temporal bone is highly pneuma- 
tized or not The great surface presented by many an cells lined with 
mucous membiane can excrete entnely too much fluid, if inflamed, to 
evacuate through the Eustachian tube or through a perforation in the 
drum membrane Extension of the inflammation and pain due to the 
pressure are the result Furthermore, if the temporal bone is extensively 
pneumatized, there is more chance for infection to become shut off at a 
distant point where drainage through the middle eai is impossible It is 
these cases which often come to mastoid surgery or to suigeiy deeper 
m the temporal bone 

It must be remembered, to understand the foiegoing discussion, that 
the middle ear is actually not a small cavity with specific dimensions as 
is intimated in most text books Actually, it is almost impossible to meas- 
ure the capacity of the middle ear because air cells in and around it 



Fig 1 — Vertical section through four temporal bones at the depth of the 
round and (nal windows showing the variation m the sire of the middle ear 
ctwU and the communication of the middle ear ca\itv with surrounding air cells 


vary so tremendously from case to case (Fig i) When the middle ear 
becomes infected, these air cells also become infected so that it is impos- 
sible to have onus media without some mastoiditis, and if the petrosa 
is pneumatized, impossible to have otitis media without some petrositis 
The air cells allow the infectious processes to involve at once a large 
part of the temporal bone Their partitions are thin and are normally 
poorly vascularized, and worse than this, their connections are usually 
relatively small It is really a wonder that infections of the mastoid so 
often get well without surgery Furthermore, the air cells, especially in 
children, abut directly on bone marrow, and in certain types of infec- 
tion, this becomes involved m the disease It has not yet been ascertained 
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Fig 2 — Photomicrogr iph showing mild, low-grnde inflmini ition in the niche 
of the o\ -il w indow 


whether it is the increased vascularization and local leukocytosis of 
inflammation which permits the body to take care of such poorly 
drained areas, or whether it is a stifling of the growth of the invading 
organism by the production of anaerobic conditions Conceivably all of 
these factors and perhaps more are responsible 

Mode of Infection in Otitis Media 

The complicated series of cavities in the temporal bone can become 
infected in a number of ways In infants, the most usual way is for the 
nasal secretions to run into the Eustachian tubes as the child lies on his 
back during an upper respiratory infection Very .small children cannot 
blow their noses or hawk mucus from their nasopharynxes, and since 
their Eustachian tubes are relatively short and straight, infection easily 
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Tig 3 — Moie acl\ a need stage of inflammation in the niclie of the o\al awn- 
dew Note increased \ ascukarization .and thickness of the mucous membrane 
about the anterior crus of the stapes 


enters their middle ears If they are turned on their bellies, however, 
it may easily dram out again There is much less suppurative otitis 
media m the infant wards where babies are turned over regularly With 
older children and with adults, the commonest method of infecting the 
middle ear seems to be from blowing the nose too violently Marked 
sudden changes m pressure, such as those produced by deep diving may 
also suck infected material from the nasopharynx into the middle ear 
Occasionally an ear drum becomes perforated or ruptured, permitting 
infection from the external canal to enter the middle ear, but even in 
these cases the usual cause of the infection is the nasopharynx The per- 
foration in the drum makes it very much easier to blow infected material 
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into the ear because there is no longer a closed cavity How much infec- 
tion of the middle ear takes place through the submucosa of the Eustach- 
ian tube due to its contiguity with the nasopharyngeal lining is still a 
matter of conjecture 


Pathology of Otitis Media 

Regardless of how an infection enters the middle ear, the pathology 
is at first the same There is edema of the mucous membrane, which 
swells five to ten times the normal thickness, then a serous effusion into 
the cavity Following this there is a leukocytic infiltration of the sub- 
mucosa beginning perivasculaily and then extending to involve the 
entire mucopenosteum As time goes on, the effusion into the cavity 
tends to become purulent At first, polymorphonuclears are quite promi- 
nent, but soon very few can be found among the monocytes As fluid 
and sometimes gas collects in the cavity, the drum bulges outward and 
more and more of the surrounding cells become involved The more 
virulent the infection m the submucosa, the more quickly the effusions 
become purulent, and the more reaction pioduced not only in the mid- 
dle ear but also in the surrounding air spaces If the infection is fulmi- 
nating, the drum either ruptures spontaneously or has to be opened by 
a surgeon Drainage is effected, and as a rule there is subsidence of the 
process in four to thirty days V ery mild processes, however, have been 
known to subside m twenty-four hours, but occasionally there is a 
smoldering infection which does not subside for several months If 
the infection in the mam cavity persists more than a few days, it almost 
invariably becomes more purulent, spieads and pockets m several places 
producing a thrombophlebitis of small veins in the mastoid and petrosa 
and thereby brings about necrosis of the air cell system Excessive fluids 
secreted by the mucous membrane may also produce destruction of the 
bone by direct pressure Microscopic sections show the mucopenosteum 
of both middle ear and mastoid cells to be densely packed with leuko- 
cytes and fibroblasts There is also destruction of the epithelium at 
various points and consequent invasion of the cavities with granulation 
tissue With the breaking down of bone there is always some regrowth 
of osteoid, but in progressing empyema the regrowth of bone lags be- 
hind the breaking down The cortex of the temporal bone may erode 
at any point, producing an abscess behind the auricle, over the lateral 


Fig 4 — Still more advanced inflammation m the region of the round window 
ind beginning pohpoid degeneration 


sinus, in one of the cranial fossae, or even m the neck, cheek, or naso- 
pharynx The more extensive the air spaces, the more chance of infected 
material becoming caught in some out of the way pocket and so pro- 
ducing a focus which will seek drainage by breaking through the cortex 
in this way No matter how extensive the pneumatization, however, 
there is always some marrow m the temporal bone which is contiguous 
with the most peripheral air spaces With infection of the air spaces 
there is always some reaction m this marrow, and occasionally, espe- 
cially in young bones, the infection actually invades the marrow spaces, 
producing an osteomyelitis 

For purposes of simplification, then, the pathology of otitis media 
and its extensions can be divided into four distinct steps first, edema 
of the mucopenosteum and serous exudation, second, increased vascu- 
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larization of the submucosa, infiltration with leukocytes, proliferation 
of fibroblasts and increased purulency in the exudation, third, after two 
or three weeks, necrosis of the soft tissues as well as the bony walls of 
the cavity (this can now be seen in roentgenograms) , fourth, especially 
if the process is less fulminating, there may develop polypoid degenera- 
tion of the mucopenosteum and a prolonged, low-grade osteitis and 
osteomyelitis 

Any one of these four processes may stop, regress, and heal, leaving 
a more fibrotic mucous membrane and organized bands of scar tissue 
attached to the ossicles Usually there is some reduction in size of the air 
cavities which already exist, and in young children infections may in- 
hibit further pneumatization of the mastoid 

With repeated infections the processes are very similar in each in- 
stance except that inflammation in previously formed scar tissue pro- 
duces much less vascularization than in normal tissue The scar tissue 
may toughen the drum so that it does not break Pressure then builds up 
in the middle ear and spreads the infection more deeply Furthermore, 
with the regrowth of bone in the previous infections the connection 
between the mastoid cells as well as the antrum is likely to be narrowed 
This increases the possibility of infection becoming trapped deep within 
the bone, and explains why complications most often occur in cases with 
a history of previous otitis media 

Therapy of Otitis Media 

The treatment of otitis media for the last several decades has been 
directed towards the provision of adequate drainage for the middle ear 
and its surrounding air cells If the mfection was mild (so-called “acute- 
catarrhal” otitis media) drainage was usually obtained by reduction of 
infected material m the nose and by shrinkage of the Eustachian tube 
orifice If the infection was more acute or more purulent, incision of the 
drum was resorted to After myringotomy or spontaneous puncture the 
canal was simply kept clean to promote drainage either with dry wipes 
or irrigations of various lands If these did not suffice and the mastoid 
was seen to be breaking down m the roentgenogram, a mastoidectomy 
was performed, usually in the third or the fourth week of the infection 

Since 1936 the use of sulfanilamide and related drugs has been 
added to our resources A great many cases show subsidence of symp- 
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Tauie I 

FACTORS IN OTITIS MEDIA 

1 Age Infants and old people apparent!} more susceptible 

2 Se\ No essential diflerence 

3 Place Flora and fauna \ar\ in different ucimties 

1 Emironment 

5 Station m Life Clinic patients seem to ha\e more trouble than prnate patients 

C Habits Blowing of nose, swimming, etc 

7 Diet \ itamins, etc 

8 Pre\ ious Infection and Immunity to Infection 

9 Mode of Infection 

10 1 line 1 e irh e\ cles of incidence, M irch and April pe \k, etc 

11 Gcnciul Physical Condition Debilitating disease 

Allergy 

12 Herediti Race 

Susceptibility to infection 
Anatomy 

PneumatuMtion of the temporal bone 
Type of Eusticluan tube 
Li mplioid diathesis 

13 Skill of Plnsician and of Nuismg 
It Reactioii to Surgeiy 

15 Reaction to Medication Sensitniti 

Tolerance 

Vomiting 
Excretion, etc 
Indmdual Response 

1G T%pe of Infection 
17 Chance 


toms after chemotherapy so that many physicians have come to believe 
that it is the only treatment for otitis media, and are beginning to use it 
in every case Even the lay public often asks that it be prescribed 
The bad results from improperly conducted chemotherapy often 
reach the hands of the otologist, so that he tends towards the opinion 
that drugs are of questionable value Certainly the present ones mask 
symptomatology, sometimes cause unpleasant reactions, and make the 
problems of management harder for him We have, then, on one side 
the general doctor and the pediatrician who tend to treat all types of 
otitis media (often even the non-suppurative types) with chemotherapy, 
and on the other the otologist who uses it only in desperate cases such 
as meningitis Winch is correct 5 Is there a middle ground 5 Is there some 
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rule which has scientific rationale, and which will work m the majority 
of cases? I believe that the rule can be built out of a study of the normal 
course of the disease, the pathology outlined above, and the results 
obtained m various types of cases by various methods of administration 
As already intimated, there are a great many factors which may in- 
fluence the course of otitis media These are summarized in Table I 
Many have never been thoroughly studied, but a little thought about 
each one will tend to give it proper significance 

A word is perhaps necessary for certain items under Heredity we 
have hsted Anatomy, which is divided mto pneumatization (already 
discussed) and Eustachian tubes, diameter, and curvature Very little is 
known on this last subject except that certain people seem to have much 
more trouble with their tubes than others It is also known that excessive 
lymphoid tissue about the tube seems to be an hereditary trait, and that 
this tissue tends to stop up the tubes and predispose to otitis media 
unless proper measures such as adenoidectomy or radiotherapy are used 
to combat it Certainly the use of chemotherapy has not yet precluded 
the necessity for adenoidectomy m cases of recurrent otitis media 
It may surprise some to see a heading Susceptibility to Injection 
under Heredity The work of Webster at the Rockefeller Institute, 
however, has definitely established this for mouse typhoid and mouse 
encephalitis, and the author has found hereditary susceptibility for 
otitis media m rats which could be bred out of a colony There is no 
doubt that otitis media seems to run through certain human families 


Types of Infection 

Table II shows that we have a specific chemotherapy for less than 
half of the total number of cases of otitis media For over 35 per cent of 
the cases are due to the staphylococcus and more than 1 5 per cent are 
due to other organisms for which no specific chemotherapy has as yet 
been developed However, about 30 per cent are due to the hemolytic 
streptococcus for which we have sulfanilamide, and 12 to 16 pey cent 
are due to pneumococci for which we now have sulfapyridme Study of 
Table III will show that three-quarters of the pneumococcus and strep- 
tococcus cases get well withm three weeks without chemotherapy 
These two tables indicate clearly that the group that needs to be treated 
with chemotherapy is definitely a small one 
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ITRCLNIAGE OF \ ARIOUS ORG VNISMS FOUND IN PURE CLLIURE Al' 

I Hr COLUMBIA 

PRESBYTERIAN 

MEDICAL 

CENTER 



IN HIE TEARS 1933 TO 1939 




Strep Strep 

Pneumo 

Pneumo Pneumo 

Staph 
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Other 
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1933 

273 cases 
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33G cases 
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80 
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517 cises 

38 7 2 5 

37 

50 
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524 cases 
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52 

4 03 
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Dl RAT ION 

OF DISCHARGE AND NUMBER 

OF PATTEN IS I HAT CAME 

10 MASTOIDECTOMY OUT < 

OF 455 CASES DIAGNOSED 

AS OTITIS MEDIA, 

ACUTE SUPPURATIVE, IN 
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20 cases 

1 

9 

1 

1 
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In all fairness it must be pointed out, however, that there is a haw 
in the above argument It assumes that the culture reports are accurate 
As a matter of fact, the figures are undoubtedly not exact, for unfor- 
tunately many of the cultures w ere taken using a swab without steriliza- 
tion of the external auditory meatus (Incidentally it has been shown 
by Page that throat cultures are often apt to pick up the offending 




Otitis Media and Its Extensions 


35 


pathogen more accurately than a careless swabbing m the external 
canal ) However, the cultures described above were all made in suppu- 
rative cases, and if one adds to these the non-cultured cases, especially 
the non-suppurative cases, it is still fair to say that in the present state of 
our knowledge chemotherapy is indicated for only a small percentage of 
all the cases of otitis media 

How shall the surgeon discover this small percentage? Can it be 
determined with oui present meager knowledge of the action of the 
drug and our knowledge of the pathology of otitis media? Lockwood 
and others have definitely shown that sulfanilamide is less efficient m 
necrotic lesions, and that the more the necrosis, the less the likelihood 
that the drug will be sufficiently bacteriostatic to permit the body to 
annihilate it As has been pointed out above, very little necrosis— as a 
rule— occurs in otitis media and mastoiditis, until the second week of the 
disease It would seem, therefore, that in simple otitis media one can 
wait a week or ten days after the onset using the old, simple, mechanical 
methods of treatment Then if there is no improvement and the case 
looks as if it might go on to surgical mastoiditis or a long siege of drain- 
age, the administration of drugs may be begun with every expectation 
that they will stop the process if given in sufficient dosage At the end 
of a week adequate bacteriological and blood studies should be available 
so that the correct drug can be selected Analysis of cases tieated with 
sulfanilamide (Table IV) shows that a large percentage of cases treated 
with adequate dosage, especially those in hospital, get well while those 
treated with small or short dosage m the clinic show no more tendency 


1 ABLE IV 

APPARENT EFFECI OF SULFANILAMIDE IN 01 II IS MEDIA 
IN 100 UNSELECTED CASES 


100 CASES 

Postoperatn e, questionable effect 

Reaction 

Recurrent 

G 

6 

11 


Inadequate dosage 

Adequate dosage 

No effect 

31 

11 

Questionable effect 

18 

3 

Good effect 

18 

25 


All but four of the cases on adequate dosage were in the hospital 
“Questionable effect” represents cessation in less than two weeks 
“Good effect” represents cessation of dischaige in less than a week 
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to recover than an untreated series (cf Tables III and IV) The cases 
in which the drug has no effect are usually cases of inadequate dosage 
Often there is recurrence if adequate dosage is not prolonged well after 
temperature is normal and drainage has stopped If the drug is started 
late in the disease it may have no appreciable effect Apparently the drug 
has less effect in cases where there has been a previous infection 

We have much divergence of opinion as to the dangers of chemo- 
therapy Many say that there is virtually no danger, especially in chil- 
dren, and that all drug-sensitive individuals show up on small dosage so 
that they can be spotted before any serious harm has been done Others 
emphasize the danger of damage to the kidneys and liver, cite the 
patients who have died with anemia and leukocytopema, or speculate 
on the effect of the drug on the reticulo-endothelial system m the years 
to come 

The physician must decide at the end of a week or ten days whether 
his case is going on to a surgical mastoiditis or is going to prolong itself 
enough so that the patient is in danger of acquiring a residual deafness 
If he is fairly certain of one of these things, the dangers outlined above 
need hardly be considered Chemotherapy should be instituted as a 
major procedure, comparable in every way to surgical interference If 
possible, the patient should be hospitalized, and if not, careful blood and 
urine studies should be done every two days at home The dosage should 
be fairly large (Long and Bliss suggest at least 2 mg per kilo of body 
weight) and kept up for several days after the temperature has come to 
normal and the discharge behind the drum has ceased If this is not done 
there will be almost certain ly a recurrence of the disease, especially 
when the original organism is a virulent one 

Analysis of successful sulfanilamide-treated cases shows a dramatic 
subsidence of symptoms withm three or four days Most of them have 
no pain or fever after two days This suggests that if there is no effect 
within three or four days the drug is not the answer, and that drainage 
will have to be instituted by one of the well-known surgical methods 
In advanced or neglected cases surgery is usually essential, but of course 
may be supplemented by chemotherapy After all, it is impossible to 
dram every nook and cranny in the temporal bone, and the chemo- 
therapy will produce bactenostasis in these unreachable regions The 
combined use of surgery and chemotherapy is especially important in 
the complications of otitis media such as meningitis, brain abscess, and 



Otitis Media and Its Extensions 


37 


inflammation of the walls of the venous channels draining the temporal 
bone 

To recapitulate, given a case of otitis media, chemotherapy should 
be instigated a week or ten days after the onset of the disease, if the 
patient does not seem to be getting well without it and a specific drug 
is available to combat the bacteria of the infection The chemotherapy 
must be given in adequate dosage for a considerable period after symp- 
toms begin to disappear and under careful surveillance of reactions and 
with surgical adjuncts to the therapy in mind In no case should it be 
given casually, without cultures and without a knowledge that most 
otitis media is self-limiting It must be remembered that the use of bac- 
teriostatic drugs makes the management of the cases harder because the 
symptomatology of the disease processes is masked 

Some day it is hoped that we will have new drugs for all types of 
infection, and drugs which can be given without untoward outside 
effects— then of course, the above working rule for our present drugs 
will have to be modified 
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OBSTETRICS AT THE NEW YORK ALMSHOUSE 
AND AT BELLEVUE HOSPITAL* 

Claude Edwin Heaton 

Assistant \ isttin& G\nccologist and Obstetrician, Bclle\tic Hospital 


n colonial times the care of mother and child was en- 
tirely in the hands of midwives The midwives of New 
Amsterdam were no better and no worse than their 
professional sisters in Holland who aroused the ire of 
Hendrick Van Deventer The father of modern mid- 
wifery wrote “they do not understand their business,” and again he 
lamented “I cannot sufficiently wonder at the gross ignorance of most 
midwives ” He urged that examination of the bodies of women dying 
in childbirth be made a matter of law, to find out whether the mother 
and fetus died naturally or “sadly perished by the carelessness and cruel 
hand of the midwife ” 

The midwives of New Amsterdam have been classed by some 
writers anion? the Zeikenstroosters or comforters of the sick The 
Zeikenstroosters, however, were men and their function was purely 
spiritual although they occasionally looked after the sick m defiance 
of an ecclesiastical ruling prohibiting them from practicing medicine 
Improvement in American obstetrics did not take place until just 
prior to the Revolution when young colonial physicians began to go 
abroad for study The eighteenth century was a period of remarkable 
growth in the specialty Knowledge of the obstetrical forceps enabled 
physicians to displace the Sairey Gamps who had reigned so long in 
the lying-m chamber The most potent factor m the manifold advances 
of the period w as the rise of the new humanitarian spirit As part of this 
the infant welfare movement emerged “In the nurture and manage- 
ment of infants as well as in the treatment of lying-in women, wrote 
Lettsom m his Medical Mevions m 1774, “the reformation hath equalled 
that in the smallpox, by these two circumstances alone mcrcditable 
numbers have been rescued from the grave ” 

• Read January 11 1<J39 at The Nett \ orh Academi of 'Medicine before the Section on Historical 

md Cultural Medicine 
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Among those studying abroad were William Shippen, Jr , of Phila- 
delphia, James Lloyd of Boston and Samuel Bard of New York They 
returned from Edinburgh and London filled with inspiration by their 
contact with great clinical obstetricians like William Smellie and Wil- 
liam Hunter Each one became the pioneer teacher of obstetrics in his 
community Dr Samuel Bard emulating Dr John Morgan of Philadel- 
phia, organized the medical school at Kings College (later Columbia) in 
1769 At the first Commencement he urged m a notable discourse the 
usefulness and necessity of a public hospital This address led to the 
founding of the New York Hospital, which was chartered in 1771 
but did not open for the reception of patients until January 3rd, 1791 
Delay during the reconstruction period in the re-establishment of the 
Medical School and the opening of the hospital was undoubtedly due to 
divided loyalties engendered m the medical profession by the struggle 
for Independence 

In 1736, a new Almshouse was built on the Commons where the 
City Hall now stands Here according to Dr Robert Carlisle was the 
primitive trace of Bellevue Hospital Following the war the Almshouse 
was utilized for the first clinical teaching in New York Both Valentine 
Seaman and David Hosack studied at the city Almshouse which accord- 
ing to Dr J W Francis was “at that time the only institution m 
New York in which medical instruction was imparted ” Dr Nicholas 
Romayne, Dr Benjamin Kissam and Dr William Moore were visiting 
physicians and Dr Wright Post, the visiting surgeon 

We read that Dr William Moore’s attention “was always more 
specially directed to the practice of Midwifery, in which he acquired 
a very extensive experience and practiced with great success, keeping 
a record of all cases which he attended for the year 1781 to 1823, which 
amounted to nearly 3,000 cases ” 

A new Almshouse was built on Chambers Street in 1796 Here the 
first lying-in hospital m New York City was established in 1799 The 
previous year a severe epidemic of yellow fever had swept the city 
Many expectant mothers lost their husbands Their pitiful condition 
aroused the sympathy of Dr David Hosack Through his efforts the 
New York Lying-In Hospital was incorporated in February, 1799 
A place was secured at No 2 Cedar Street and an appeal for subscrip- 
tions was made in the Commercial Advertiser for July 23, 1799 In the 
Medical Repository for 1800, under “New York Lying-In” is the note 


4 o 


THE BULLETIN 


“We are informed that this Hospital will be ready for the reception of 
patients on the first of August ” 

Prior to the opening of the institution on Cedar Street a lying-m 
ward was opened in the Almshouse Hospital on Chambers Street The 
Medical Repository for May, 1799 states that 

“A lying-m ward has been ‘established in the Almshouse of the city 
of New York The cases which occur there are numerous enough to 
answer the purpose of public instruction Accordingly, there is delivered 
a course of lectures on the obstetric art, including the anatomical, 
physiological, and practical parts, by Valentine Seaman, M D As this 
establishment is particularly and exclusively devoted to the education 
of females, it will be easy for women who practice, or intend to prac- 
tice midwifery, to avail themselves of the excellent opportunities which 
are hereby held out to them ” 

The following year Valentine Seaman published the first book to 
appear on the subject of midwifery by an American author On the 
title page he calls himself Physician Extraordinary to the Lying-In 
Ward in the Almshouse The little volume bears the quaint title, The 
Midwivcs Momtoi and Mothers Minor , and the contents are based 
upon the course of instruction given the previous winter m the lying-m 
wards of the Almshouse Thus to the forerunner of Bellevue Hospital 
belongs the honor of establishing the first wards in New York for 
expectant mothers and of giving the first hospital instructions to women 
m the art of midwifery 

The statement has been repeatedly made that Dr Valentine Seaman 
gave a course for trained nurses at the New York Hospital m 1800 
The sole authority for this is a letter beneath his portrait in which a 
member of the family wrote that he gave a course of lectures to the 
nurses of the New York Hospital The lectures referred to were ob- 
viously those given during the previous winter in the Almshouse as he 
himself states m his book 

The first outdoor obstetrical service in New York was established 
by the New York County Medical Society in 1823 On June 2 a com- 
mittee was appointed by the Society, “to inquire into the cause of the 
great number of stillbirths m this city ” The Chairman of the Commit- 
tee was Dr Charles Drake, one of the visiting physicians to Bellevue 
Hospital The Committee was of the opimon that among the reasons 
for the large number of stillbirths was the abuse of ergot and the fact 
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“that the practice of midwifery was still too much confined to ignorant 
and inexperienced attendants ” The Committee recommended “the 
institution of a lying-m charity for the exclusive purpose of attendmg 
parturient females at their own homes ” In the minutes of the New 
York County Society are the regulations drawn up for the Out-door 
Lying-In Charity A group of consulting and attendmg accoucheurs 
were appointed for the various districts in the city to attend the poor 
m their own homes 

In order that the new project should be “more effectively guarded 
against producing injury to any part of the profession who now receive 
a compensation however small from attendance upon the lower classes 
of the community,” it was decided “that it shall be the duty of the 
attendmg accoucheurs to lodge with the Commissioners of the Alms- 
house a notice of their respective residences, to attend during childbirth, 
free of all charge, such females of their respective districts as shall 
produce a certificate from a Commissioner of the Almshouse of their 
bemg proper objects of charity, and to report at the ensuing anniversary 
meeting of the Society the number of cases they have attended, the 
character of each labor, together with such other circumstances as they 
shall deem worthy of bemg commumcated ” 

The out-door obstetrical service functioned for only a short time 
The New York Lymg-In Hospital which had closed m 1822 again 
opened a ward in the New York Hospital sharing its facilities with the 
New York Asylum for Lymg-In Women established m 1822 The 
latter institution moved to a house on Marion Street m 1830 and m addi- 
tion to an indoor service established a large outdoor service It was 
known as the old Marion Street Maternity Hospital and eventually 
combined in 1899 with the New York Infant Asylum (incorporated m 
1865) The New York Infant Asylum combined with the Nursery and 
Child’s Hospital (incorporated m 1854) to form m 1910 the New York 
Nursery and Child’s Hospital 

One of the early New York obstetricians whose name is closely 
associated with Bellevue Hospital was Dr John Wakefield Francis He 
was born the year of Washington’s inauguration and died the year the 
Civil War started For years he was the doctor of New York City and 
his big bushy head was as familiar as the City Hall While still a student 
of Dr David Hosack whose partner he later became, Francis helped 
establish the American Medical and Philosophical Register The dehght- 
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ful tone of this early magazine was due in a large measure to the literary 
ability of Francis His scientific attainments were perhaps few but he 
was a popular teacher and to his associates in the profession he was “our 
beloved Francis,” a man who was, according to Jacobi, keen eyed, -warm 
hearted, plain spoken and generous minded 

Dr Francis’ house, No i Bond Street at the corner of Broadway was 
the rendezvous for all the leading lights of the city His book of remin- 
iscences, Old New Yoik, is a storehouse of information about the last 
days of Knickerbocker New York There are many amusing stones 
about Dr Francis He continued to bleed his patients long after most 
of his confreres had given up the practice Once during a dinner party 
at his house he suddenly left the table and called his wife to an adjoin- 
ing room where he proceeded to bleed her In answer to her protests 
he said that he perceived that she was about to suffer a stroke of 
apoplexy and deemed it best to avert it' 

Dr Emmet tells an interesting story about Dr Francis One of his 
best patients had been delivered of a baby when he had not even sus- 
pected pregnancy He had been sent for at the time of the event but 
being away from home, someone m the neighborhood had attended the 
case “Damn these hoopskirts,” Dr Francis exclaimed, “there was a 
time when I went to church that I could look around me and form 
some idea of what my income might be during the year But now, since 
the invention of these damn hoopskirts, I can no longer judge of the 
condition of the women I am away from home when wanted, and some 
young whipper-snapper is called m and gets the case ” 

Dr Jacobi tells how, when he first started practice. Dr Francis 
stopped him on the street one day “They speak well of you,” he said, 
“and you will get on, only people want sometimes some outward show 
Now I am an old man, and you will not mind it when I say you ought 
to have another tailor ” Jacobi replied, “you see, Dr Francis, you are 
an old doctor, and famous, and you can afford to wear the old-fashioned 
clothing of the eighteenth of Brumaire and of the century of W illiam 
Penn, but I cannot afford yet a better tailor ” 

Dr Francis was one of the editors of the New York Medical and 
Physical Journal which was established in 1822 In the first number, one 
finds several contributions on obstetrics by Bellevue doctors Francis 
himself contributed an article on Phlegmasia Dolens Dr Jacob Dyck- 
man, one of the \ lsiting surgeons to the Almshouse, wrote on a A Case 
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of Turnout within the Pelvis Ft eventing Pat tut ition Dr William Moore 
reported A case of utetine hydatids The following year Francis pub- 
lished a letter from John D Hunter who while a captive among the 
Indians west of the Mississippi made some interesting observations on 
female diseases occurring among the squaws There is also an interest- 
ing report by Drs Francis and Beck of the first cesarean performed 
in the state of New York, the patient operating upon herself and 
recovering 

In 1825, Dr Charles Drake, physician to the Bellevue Establishment 
reported A Case of Exostosis of the Os Ischium Impeding Delivety 
The patient died of ruptured uterus 

An interesting article appeared m 1 840 entitled, A Repot t of Cases of 
Puet petal Fevet Occulting at the New Yoik Almshouse , by Alexander 
F Vache, M D , the resident physician The disease appeared on Janu- 
ary 12 Of eighteen women confined in the Almshouse nine had fever 
and seven died The next six women were placed in the Nursery Of 
these five had fever and five died Patients were then confined m the 
building devoted to negroes, out of twelve deliveries, four had fever 
and four died The obstetrical service was now moved to apartments in 
the “middle house” of the “lunatic asylum” on Blackwell’s Island 
Here there were twenty-three deliveries with six cases of fever and 
three deaths The total death rate during this epidemic was 3 1 per cent 
The treatment was cupping and leeches Among the assistants at Bellevue 
was Dr Thomas F Cock who wrote a little Manual of Obstetncs and 
became the first president of the New York Obstetrical Society 

Dr D Meredith Reese made a very full annual report of the 
Bellevue Hospital for 1848 He states that from 1845 to 1848 inclusive 
there were 678 births m the hospital with seventy-nine stillbirths, a 
rate of over 10 per cent During the year 1848 there were 208 births with 
twenty-four maternal deaths of which nineteen were from puerperal 
fever There were five forceps cases and six cases of embryotomy Note 
that there were more destructive operations than forceps cases Obvi- 
ously a low operative incidence resulted m the loss of many babies 
Fear of infection apparently deterred the doctors from interference and 
for the same reason cesarean section was not considered Rupture of 
the uterus followed by death of the mother occurred not infrequently 
From the meager records available for the twelve years from 1848 to 
1859 inclusive it is apparent that the maternal and fetal death rate was 
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extremely high The maternal death rate averaged ten times greater 
than the present rate for the city of New York and in some years it 
was actually twenty or thirty times greater Puerperal infection was the 
chief cause of death but death from eclampsia was also common The 
mortality at Bellevue was not greater than in similar institutions, there 
was a frightful mortality in home deliveries not only in the city but 
m the rural districts 

In the second half of the nineteenth century a notable group of 
obstetricians was associated with Bellevue Hospital Among these were 
Fordyce Barker and George Elliot They introduced the use of the 
hypodermic syringe in America in 1856 and 1858 They deserve our 
remembrance also for their defence of the use of anesthesia in obstetrics 
at a time when it was greatly opposed Elliot wrote, “I would not prac- 
tice medicine another day if I did not possess the power of relieving 
pain ” 

In 1876, Fordyce Barker became the first president of the American 
Gynecological Society His book, The Puerperal Diseases , which ap- 
peared m 1874 had a deserved popularity Barker with his immense 
clinical knowledge held peculiar views on the cause of puerperal infec- 
tion At the famous New York Academy of Medicine meeting in 1857 
he maintained the view that it was an essential fever Twenty years 
later while agreeing that it was contagious and praising the work of 
Oliver Wendell Holmes, he sail held that the symptoms of puerperal 
infection were essential and not the consequence of any local lesions 

T Gaillard Thomas was connected with Bellevue Hospital for 
many years Next to J S Parry he did more than anyone else in this 
country to clarify the problem of ectopic pregnancy He was the first 
in the United States to complete an extrapentoneal cesarean section 
Isaac E Taylor was a great clinical teacher and founded the Bellevue 
Hospital Medical College Along with Elliot he was noted for his skill 
with the forceps 

With the rise of scientific medicine after 1850 the history of Bellevue 
Hospital becomes a part of the mam current of medical history It is 
probably fair to state that the influential leaders m the movement spread- 
ing from France and Germany to America were Bellevue men The 
closing decades of the nineteenth century might indeed be characterized 
as the golden age of Bellevue for on the staff of the hospital and teaching 
m the medical college were the open-minded Austin Flint, Theodore 
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Janeway and Francis Delafield, the fathers of pathological anatomy in 
America, Stephen Smith and Hermann Biggs, pioneers of public health, 
and William Welch who was eagerly teaching the new germ theory of 
disease On the surgical staff along with Smith were William Stewart 
Halsted, Frederick S Dennis and Lewis Atterbury Stimson 

The big problem facing the hospital at this time was the control of 
infection both m surgery and obstetrics There now appeared upon the 
scene a man who perhaps did as much as any other single person to 
make obstetrics a scientific procedure m America William Thompson 
Lusk studied at Heidelberg and Berlin two years previous to 1861 At 
the beginning of the Civil War he returned to America and entered the 
Umon Army Out of his Civil War experience came his Wat Letters 
which were privately printed in 19 11 After the war he studied at the 
Bellevue Medical College and then pursued further work at Edinburgh, 
Paris, Vienna and Prague After a period of teaching physiology at 
Long Island Medical College and at Harvard he was appointed m 1871 
professor of obstetrics and diseases of women and children at Bellevue 
Hospital Medical College, a position he held until his death 

In 1872, puerperal infection destroyed twenty-eight women of 156 
who were confined m Bellevue Hospital and m 1874 from January 1 
to June 1 1, out of 166 patients thirty-one died of infection Lusk at this 
time published a clinical report on the lying-m service m which he 
urged the building of a separate hospital for the reception of lying-m 
patients His advice was not followed but instead m 1875 the lying-m 
department was transferred to Blackwell’s Island where two wooden 
pavilions were erected and placed in charge of the Charity Hospital 
staff Arrangements were made by the city for several private hospitals 
to receive patients who came to Bellevue after labor had begun Soon, 
however, these institutions refused to admit such patients Thereupon 
these unfortunate women were delivered on board the transfer boat 
while awaiting transportation to the Island They were attended by one 
of the house staff and one of the nurses from the new training school 
but no other provision was made for them 

At the International Medical Congress held m Philadelphia in 
September, 1876, Lusk read a paper entitled On the Natwe, Ougin and 
Pievention of Puei petal Fevei He stated, “that the capacity of self- 
muluplication which septic fluids possess has been found to be comcident 
with the presence of certain organic bodies termed variously micrococci. 



46 


THE BULLETIN 


miciospores, or sometimes less specifically bacteria ” This statement 
elicited a great deal of hostility Most teachers still believed m spon- 
taneous generation and gave themseh es scant concern about the views 
on puerperal infection advanced by Holmes and by Semmehveis Lusk 
a few years before had heard Seyfert speak scoffingly of the misfortunes 
which had clouded Semmehveis’ later years, asserting that his doctrines 
had long before been proof sufficient of his insanity 

Present as a guest at the International Congress was Lister himself 
who according to Lusk was listened to by a curious but unsympathetic 
audience Lister visited Bellevue Hospital and complimented young Dr 
Stephen Smith on his success with the antiseptic method 

Lusk himself at this period believed that there was a non-infcctious 
form of puerperal fever due among other things to moral causes His 
conclusion m regard to the infectious form, however, was that “preven- 
tion is best accomplished m hospitals by the adoption of Lister’s prin- 
ciples,” and that “the question of personal responsibility cannot be too 
stiongly impiessed upon the medical profession ” 

In 1877, the attention of the Grand Jury was called to the lack of 
facilities for obstetrical cases at Bellevue Hospital As a result the 
Lmeigency Hospital was established at 26th Street, between Second 
and Third Avenues in a building which had been used as an engine 
house by the Fire Department In this makeshift hospital Dr William T 
Lusk and Dr William M Polk began the fight to conquer puerperal 
infection 

Credit is due to Dr Henry J Garngues for demonstrating for the 
first time in America m the wards of the Charity Hospital on Black- 
well’s Island what could be accomplished by rigid aseptic and antiseptic 
technique Immediately after lus first publication in 1883 Lusk intro- 
duced Ins methods at the Emergency Hospital and subsequently reported 
that there had been the greatest possible change m his service From 
October, 1883 to August, 1884 there were no deaths from puerperal 
infection m 168 cases Dr W L Richardson at about the same time 
introduced the new technique at the Boston Lying-In Hospital with 
startling success 

In 1 88 r, Lusk’s great book on The Science and Art of Midwifery 
appeared and was translated into the French, Italian, Spanish and Arabic 
Lusk did the first successful hospital cesarean section in the United 
States Harris n rote “looking into the past records of New York City 
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and of the United States at large, of ten hospital cesareans in our country, 
Dr Lusk’s case is the first to recover up to 1887, he is the first to save 
both mother and child m all the history of New York, the only one of 
seven operators to meet with success using the Sanger Method in the 
United States ” 

Lusk died in 1897 The Emergency Hospital continued in operation 
until November, 1908 when Pavilions A and B of the new hospital were 
opened with provision for two obstetrical wards. 
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that throughout its ninety-two years there had been con- 
tinued progress I said at that time that we want to be 
Q'asHS2SBSH5H5S in a position to do even better work than we have m the 
past, because, as we grow m years, we take on new responsibilities We 
cannot remain static, we go either forward or backward 

In some respects, the Academy has made greater contributions dur- 
ing the past year to public welfare, to the welfare of medical education 
m general, to the welfare of its Fellowship, than ever before in its 
his tor}'' 

In other ways, however, this has been a disappointing year The 
finances of the Academy continue to be a matter of great concern, and, 
because of the necessity for balancing the budget, we have been forced 
to curtail our activities to such an extent that there is a prospect that 
we shall not be quite so efficient during the current year as we have 
been m the recent past This curtailment of activities in every depart- 
ment has been forced upon us, because the requested budget for 1940 
so far exceeds the Academy’s income I regret to say that only a small 
percentage of the Academy Fellowship has given the Fund-Raising 
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Committee its enthusiastic support, either through direct financial con- 
tributions or by making individual efforts toward increasing Academy 
endowment 

Your Budget Committee has had a good deal of advice as to how 
the budget might be balanced It has even been suggested that one 
activity might be dropped entirely I can tell you that, if all three of the 
Standing Committees of the Academy were abolished, with their paid 
staffs, the surplus remaining after the budget had been balanced m this 
manner would be scarcely over five thousand dollars And then, one 
day, the question might again be raised, as to whether the Academy was 
properly an educational institution, or if it was not rather a private 
institution maintaining a library and section meetmgs for the benefit 
principally of its Fellowship That would render us open to investiga- 
tion on the part of various government agencies, to show cause why 
we are not subject to income and social security taxes, state unemploy- 
ment insurance contributions, and real estate taxes, and, under those 
circumstances, if such taxes were applied, we would have to close the 
doors of the Library to all but Fellows, and undertake thorough reor- 
ganization of the entire staff of the Academy 

So we find ourselves in a senous position, faced with the necessity 
to curtail the activities of various Standing Committees of the Academy 
and the Library, by cutting ruthlessly their requested budgets for 1940, 
which must entail the loss of competent, well-trained employees of long 
standing 

I am not in any way exaggerating the dilemma in which we find 
ourselves Be assured, we are going to carry on, carry on with all the 
enthusiasm which the various Standing Committees and their staffs have 
shown in the past, in spite of these handicaps We are not planning at 
the present time to abolish any Standing Committee, and we hope this 
will never become necessary 

I think I have made it perfectly plain that, if the Academy is to go 
on with its service to the public, we shall have to have more endow- 
ment During the last two or three years, a very hard-working Fund- 
Raising Committee has managed to raise funds sufficient to help carry 
the burden It has not been possible, however, to add most of the funds 
thus raised to endowment, they have in large measure been paid out for 
current expenses This is a hand-to-mouth existence which cannot be 
permitted to go on We shall need additional endowment, if we are to 
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continue to accept our responsibilities as \\ e have in the past, and if w e 
are to continue to develop our capacity for public service in normal 
fashion 

In the review of the actn lties for the past year, there is, I am thank- 
ful to say, a brighter side 

Committee on Library 

The Library activity has continued at an increased pace during the 
year There has been an increase m readers over any other year, there 
has been such a steady increase m bound and unbound volumes that 
the stacks are now filled to capacity, and the catalog drawers are almost 
filled The need for a new stack-room, costing in the neighborhood of 
three hundred thousand dollars, grows constantly more acute Unless 
such an addition is forthcoming, many valuable reference books must 
be stored, and hence made unavailable to Fellows and other readers 

Because of the lack of adequate Library staff, some details of cata- 
loging have had to be dropped entirely There are still groups of books 
which have been in our Library for a number of years and have not 
been cataloged 

During the year, donations of books were received from many in- 
dividuals and organizations 

So that you may have a clear idea of what our financial situation is, 
as it affects the Library, in respect to income, I would say that we have 
not been able to come within twenty thousand dollars of meeting the 
requested budget of the Library Committee 

I think most of us have come to realize that the word, academy, 
in its modern sense, and as applied to the Academy of Medicine, con- 
notes an institution of learning, or, if you prefer, an association of indi- 
viduals for the cultivation and advancement of science and for the 
elevation of the standard of medical education The value of such an 
institution varies m direct ratio with the size, growth, and working 
efficiency of its library The Academy Library is being very materially 
crippled by lack of funds 

Committee on Public Health Relations 

The Committee on Public Health Relations has rendered its usual 
public ser\ ice to the health and w elfare problems of the community 
Perhaps the outstanding accomplishment of the year of this Committee, 
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with the financial support of the Josiah Macy, Jr , Foundation, was die 
two-day round table discussion of convalescent care, from its medical 
and socio-economic aspects 

This Committee has also studied such a variety of questions m the 
interest of public health as tuberculosis hospitals, one grade of milk, 
the conference on marriage consultation centers, the control of prosti- 
tution, the evaluation of school lunches, open-air classes in schools, 
health department personnel, physical standards for admission to 
training courses for police and firemen, the revision of the Physician’s 
Pocket Manual at the request of the Bureau of Census, the health of 
adolescents 

Advice and assistance have been given m various ways to health, 
hospital, and municipal civil service commissions, and m relation to 
health standards for the Board of Education It has also given much 
consideration to bills introduced into the Legislature, as affecting public 
health 


Committee on Medical Education 

The Committee on Medical Education sponsored the Twelfth An- 
nual Graduate Fortnight, in October, last year This Fortnight has 
become an important feature of medical education m this city The 
Graduate Fortnight last year was far and away the most successful of 
the twelve thus far held under the auspices of this Committee The 
attendance was greater, and, in spite of the expense involved in such 
an important Fortnight, with its accompanying exhibit, the Fortnight 
finished with an actual positive balance In other words, for the first 
time, this Fortnight was not an expense to the Academy, it paid its 
way, and had something left over 

This Committee was also responsible for the Friday afternoon lec- 
tures, lectures on obstetrics, and supervision of Sections, all of which 
have been maintained at the usual high standard of recent years The 
Committee also publishes the Surgical Bulletin, and maintains the Bureau 
of Clinical Information 

I am happy to report that the subscriptions to the Academy Bulletin 
received from non-fellows have increased m number, from a little over 
two hundred to well over three hundred, m the last twelve months 

The very high standard set in recent years by the Subcommittee 
responsible for the programs of the Stated Meetings has been held 
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Committee on Medical Information 

The Committee on Medical Information is just a year old, as a Stand- 
ing Committee of the Academy It has rendered many important services 
as a liaison between the Academy and the public In this department, 
some five thousand inquiries were handled during the year, twenty-five 
per cent of them from physicians, and of this twenty-five per cent, 
forty-three per cent were from Fellows of the Academy of Medicine 
Thus, eighty-nine per cent of the total inquiries came from sources out- 
side the Academy Fellowship 

The Committee has arranged and chosen the speakers for the laity 
lectures, m which the public has shown sufficient interest to fill Hosack 
Hall to capacity, and often to overflowing It has also arranged for the 
delivery of fifty-two Academy radio periods on a coast-to-coast net- 
work through WABC It instituted a study of the broadcasting of 
medical education by medical organizations, with the aid of a fellowship 
grant from Rockefeller Foundation It has rendered services to an im- 
posing list of organizations too numerous to mention 

It has rendered important service to the public, and has entirely 
justified its elevation to the rank of Standing Committee of the Academy 

* *■ * * * 

The report of the Committee on Activities was accepted by the 
Council, and most of its recommendations have already been acted upon 

An important change m the By-Laws has been suggested, and has 
already been approved by the Council It will be submitted, with other 
amendments to the By-Laws, to the Academy for approval at a later 
date This particular proposal eliminates the Membership class in the 
Academy, and makes all Members, Fellows, and necessitates the aboli- 
tion of the Committee on Fellowship 

¥• * * * # 

I have tried to give you a brief outline, so that you may be acquainted 
with the activities of your Academy I said a year ago that I hoped we 
might stir the consciousness of the people as to the significance of the 
Academy as a public health counselor I sail hold that hope, for the 
wrmng on the wall is obvious enough, that if we cannot demonstrate to 
the saasfaction of people that the Academy is necessary to the public 
welfare and therefore deserv ing of financial support, \\ e cannot continue 
to discharge our full responsibility to the communin'- 
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It is my firm conviction that the reason we do not attract more 
general financial support from outside our walls is that the public re- 
mains uninformed as to our objectives and our accomplishments 

I am sure much can be done toward keeping the Academy func- 
tioning pi o bono publico , if all those who derive benefit from the Acad- 
emy’s activities, including the Fellows, will make the effort to impress 
these facts upon the community’s consciousness 

Before I close this annual statement of the affairs of the Academy, 
I wish to express a word of appreciation to my immediate predecessor 
m office, a friend of half a century, James Alexander Miller, for his 
ever-ready willingness to lend me his ear and to give me wise counsel 
It has been for me a very happy year, due m large measure to the 
enthusiastic cooperation I have received from the entire Academy staff, 
and to the fine state of morale which exists among them 

Working with the new Director of the Academy has been a source 
of particular joy to me In less than a year, he has proved himself m 
every way entirely worthy to fill the office whose standards were set 
by the immortal Lmsly Williams and continued by John Hartwell I 
consider this the greatest tribute I could possibly pay your Director, 
Herbert Wilcox 
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PHYSIOLOGY OF THE TESTES AND THERAPEUTIC 
APPLICATION OF MALE HORMONE 1 * 

Carl R Moore 

Professor of Zoology, The University of Chicago 



-^wo principal functions characterize the testes and these 
are recognized to be cooperating agencies in insuring 
effective male participation for the continuance of the 
race The primary function of germ cell production is 
5a phylogenetically the older and the hormone secreting 
capacity a gradually developed, or intensified adjunct, that is respon- 
sible for promoting the functional cooperation of accessory reproduc- 
tive organs that have become increasingly complex as evolution has 
occurred Of perhaps equal importance for racial existence are the 
psychobiological phenomena that constitute the sexual drive, or mating 
instinct Granted all other phases normal, the absence of a mating ten- 
dency m males would preclude racial existence Aside from some of the 
primates, especially man, the lack of testis hormone largely eliminates 
sexual behavior and even in man the hormone plays a decided role, but 
to what extent is difficult to define 


Spermatogenehc Activity 

Avoiding for the moment considerations of embryonic development, 
the testicle passes through a period of slow progressive maturing which 
is usually accelerated just prior to spermatozoan formation The age of 
this attainment is variable m different species, in the rat spermatozoa 
appear about the 40th day after birth whereas in man the comparable 
period is close to the 15th year In the vast majority of vertebrates, 
spermatozoan production is strictly a seasonal event, this periodic phe- 
nomenon largely characterizes the lower vertebrates but it holds like- 
wise for the greater number of mammals In the ground squirrel of the 
mid-west (Citellus tridecemlmeatus) emergence from hibernation in 
April reveals the testicle in high spermatogenetic activity and quantities 

1 Several of the investigations referred to here have been aided by a grant from the Rockefeller 
Foundation to The Unit ersitj of Chicago 

•Presented November 2, 1939 at The New \orh Academy of Medicine in the Twelfth Graduate 
Fortnight 
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of spermatozoa are present By June or July sperm are few or absent 
and by September the aspermatic testicle is approximately i /20th the 
weight of the breeding testis During December and January, m hiber- 
nation or m the laboratory, testicular activity is renewed Thus for more 
than half the entire year the testicle is essentially an inactive organ 
Intermediate types bridge the gap between this very short seasonal 
type and the continuously active type of testis possessed by the rat, 
rabbit, guinea pig and man In this group gametogenetic activity is con- 
tinuous from its beginning to decline or extinction— a period which is 
probably no more strictly dated than the occurrence of a subnormal 
function on the part of a heart, kidney or stomach The testicles of one 
man may cease to manufacture spermatozoa at 40 years, m others not 
until the 50th or 60th year, whereas some men of 80 years or above may 
continue to produce spermatozoa m large quantities 

The classical investigations of Smith 1 ’ 2 and of Smith and Engle 3 
approximately a dozen years ago revealed to us clearly, for the first 
time, the specific dependence of gonadal activity upon the pituitary 
gland and strikingly demonstrated that the sex glands were not autono- 
mous organs, capable of regulating their own activity, but were really 
organs whose structural and functional welfare was at the mercy of 
their humoral environment, this may include such elements as specific 
nutrients (vitamins, etc ) as well as activating substances or hormones 
Numerous investigations involving all the vertebrate classes have now 
clearly emphasized the testicular dependence upon pituitary secretions 
If the pituitary body is removed through operation, germ cells are not 
thereafter produced but the introduction of fresh gland tissue or proper 
extracts into the pituitary-less animal restores the capacity to form germ 
cells Administration of pituitary substance, or extracts, as well as acti- 
vating substances from other sources, to prepuberal animals has in many 
cases revealed the capacity of the gonad to assume maturity functions 
long before it normally does 3 In mammals, m particular, this has exhib- 
ited itself as a stimulation of hormone secretion more than of spermato- 
genetic activity but m lower vertebrates spermatogenesis has been pre- 
cociously stimulated by treatments with pituitary substance or extracts 
m amphibia, birds and to some extent in seasonal mammals Careful 
studies on the rat i and on monkeys 3 have revealed no evidence of 
hastening the onset of spermatozoan formation by any treatment The 
clinical literature has thus far failed to mention precocious spermato- 
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genetic responses m man 

The demonstration of the prime role of the pituitary in controlling 
spermatogenetic activity has m a sense shifted the enquiry into basic 
regulating forces in control of spermatogenesis from the testicle to the 
pituitary body In the seasonally active mammal Wells 0 has demonstrated 
that reproductive inactivity lies not in lack of capacity of the repro- 
ductive system to function but is caused by pituitary failure to produce 
the necessary stimulating force During the inactive season reproductive 
stimulants applied artificially for periods of a few weeks will return 
the testicle and all parts of the system to a breeding state, but the pitui- 
tary gland, though a powerful stimulating agent during the sexually 
active season, reveals only a low stimulating capacity m the sexually 
inactive period Contrasting the continuous, and the seasonally active, 
rodent types it becomes apparent that in the one there is a continuously 
active pituitary and in the other an intermittent or seasonally active 
gland 

Enquiry into the factors governing activity of the pituitary, as 
a solution to seasonal reproduction, provides us with but scanty informa- 
tion Some element of the environment, or a group of elements, must 
represent the ruling forces Rowan 7 clearly demonstrated, and numerous 
researches have extended the conception, that relative lengths of the 
/ light period to darkness play an important part in reproduction in birds 
and some mammals Rowan produced a progressively longer day by 
means of electric lights after sundown, and as the total daylight period 
began to approach that of the normal spring breeding period his wild 
captive bird (Junco) showed increased testicular activity and sperma- 
tozoan formation during mid-winter when temperatures of —40 de- 
grees F prevailed, control birds without added light showed inactive 
testes weighing but a small fraction of the weight of testes from light 
treated birds Researches of Bissonnette, 8, 9 Benoit 10 and other investiga- 
tors have extended the findings to several other birds and some mam- 
mals Benoit not only demonstrated the effectiveness of added light to 
be through the eye but also that light conducted by a quartz rod passing 
through the orbit to the pituitary body initiated activity in this gland, 
which activity in turn was the cause of stimulation of development m 
the reproductive system The pituitanes from light stimulated ducks 
implanted into immature female mammals awakened activity m the re- 
productive system in contrast to ineffectiveness of pituitanes from am- 
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mals noc exposed to added light Relative duration of light therefore is 
one factor in the environment operating to control pituitary activity in 
some animals but surely other elements are important and some animals 
may fail to exhibit reproductive responses to added illumination Wells 11 
determined that when ground squirrels were transferred to a constant 
low temperature m a breedmg state, they maintained this active state for 
periods of a year whereas all held animals had undergone reproductive 
involution within a period of two months, presumably retention of the 
breeding state for unusually long periods m the cold was due to reten- 
tion of activity in the pituitary gland Other environmental factors such 
as temperature changes, m contrast to absolute temperature, appear to 
induce modifications m the reproductive states On the whole our in- 
formation with regard to the forces governing pituitary activity is not 
extensive The evidence is strong that testicular injuries induced through 
withholding vitarmn-B requirements, or through inanition, represent a 
fundamental alteration in pituitary activity 12 Sex gland hormones like- 
wise influence pituitary physiology, and consequent testicular activity, 
as will be pointed out later 

A recognition of the basic pituitary control over the gonad suggests 
that diminished or severely curtailed testicular function may be due m 
large part to defects elsewhere than in the reproductive system 

Spermatogenetic activity of the testis is influenced by other things 
than pituitary secretion Radiations of various lands are known to 
destroy the germinal elements hence lack of germ cells is to be expected 
In mammals possessing a scrotum the failure of testicular descent, or 
retention of testes m the abdomen, makes it impossible for germ cell 
formation 13 The cause of the aspermatic condition has been revealed 
through many experimental analyses to be the abnormally high tem- 
perature of the abdomen The scrotum is recognized as a local thermo- 
regulator effectively reducing the temperature of the testicle and this 
function is essential to the production of germ cells 14 The closure of 
the excurrent outlet from the testis, by severing or ligating the vas 
deferens, has been alleged to result in destruction of the germinal tissues 
and to prohibit further spermatogenetic activity This contention de- 
serves passing mention, only because of the continuous resurrection of 
the idea from the literature of ten to thirty-five years ago More than 
a hundred years ago the English physician and surgeon, Sir Astley 
Cooper , 13 proved conclusively on his own dog that closure of the outlet 
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passages for periods of three to five years, closure being confirmed at 
autopsy, left the testicle normal m size and actively producing germ 
cells Repeatedly during the past twenty years the vas deferens has been 
closed without abolishing spermatogenesis in several species of birds and 
at least eight species of mammals, including rats and man, closure of the 
passages existed for periods of months, and years in the case of man 16 
Separate pieces of the testicle existing as a transplant from one animal 
to another, hence without ducts, have continued spermatogenetic activ- 
ity m amphibia, birds and mammals The rate of new formation of 
sperm, after vas closure, may be somewhat reduced, and local areas of 
destruction and resorption may occur temporarily, probably due to ex- 
cessive pressure from retention, but when resorption relieves the condi- 
tion, renewed activity follows 16 We can agree that vas deferens ligation 
is an effective sterility measure but only by preventing egress of formed 
cells and not from lack of capacity to produce them 

Testis Hormone 

Although it has been known since Biblical times that early loss of 
the testicles occasions marked differences in man and other mammals 
it is less than 100 years since Berthold 17 demonstrated this to be due to 
a humoral mechanism 

When we survey the problem of testis hormone m its entirety we 
are forced to attribute the chief significance of the secretion to its 
capacity to condition the organism successfully to carry on its part in 
reproduction Nature apparently did not have in mind cosmetic phe- 
nomena, a specific sleep producing mechanism, a means of prolonging 
life, sharpening of wits, nor any specific aid to digestion, when testis 
hormone was provided for Successful performance in reproduction in- 
volves among other things a control of function of the accessory repro- 
ductive organs, this function provides a means of transport for sperma- 
tozoa, their introduction into the female, as well as stimulating the 
desire to mate with receptive females The condition of the various 
accessory reproductive organs serves as a means of indicating the hor- 
mone state of the animal, the condition of the comb m cocks, the micro- 
scopic character of seminal vesicles, prostate glands, vas deferens, 
Cowper’s gland, etc have all been employed to denote the presence or 
absence of testis hormone 

It should be recalled that for the majority of vertebrates the animal 
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is a going concern throughout the year while the reproductive system 
may be m a functional condition for periods of but two to three months 
In point of contrast we may refer to animals that secrete hormone 
continuously and to others m which such secretion is limited to a very 
short period In the first case the accessory reproductive organs and 
mating instinct are fully developed throughout the year and the animal 
functions in reproduction in any month, whereas in the latter type such 
conditions prevail perhaps for less than two months and the males at 
other times of the year are m essentially a castrate condition The various 
lines of evidence show clearly that the endocrine function, as well as 
the gametogenetic function, depends upon the pituitary gland 

In constant or seasonal producers of hormone, pituitary removal 
causes immediate loss of hormone secretion and effectively prevents 
further secretion as long as there is an absence of a gonadal stimulating 


substance 


With reference to the period of hormone secretion it has thus far 
been impossible to set a very definite beginning The question whether 
embryonic testes secrete a hormone that is responsible for the develop- 
ment of the Wolffian ducts is a problem receiving much attention at the 
present time In my estimation the majority of the evidence inclines to 
deny it and if this estimate is correct it would place the beginning of 
testis secretion in postnatal life, the exact time varying with different 
species In the rat evidence points to the 35 th to 40th day as a period 
at which hormone secretion is sufficiently under way to attain an effec- 
tive threshold for seminal vesicles Similarly, m other mammals various 


postnatal periods exist subsequent to which definite signs of beginning 
puberal changes become evident In man the studies of prostates 
throughout life by R A Moore 18 give indication of definite testis 
secretion from the 10th to 1 3th year of life Androgens have been recov- 
ered from the urine of boys at ages from three to five years, with 
gradually increasing quantities up to fifteen to twenty years 19 ’" 0, but 
it js not certainly established that recovery of androgenic substances 
from the urine of children indicates clearly the effective release in the 


body of internal secretions from the testis 

Once established, hormone secretion is a continuous process in sev- 
eral species, including man, and intermittent with seasons in the majority 
of vertebrate species, until the declining period of its production, this 
latter period is less well circumscribed than its onset In the rat no one 
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has yet obtained males so old that age alone has clearly limited this 
activity The oldest rats studied by Romeis 22 which were older than 
three years— a period much beyond the average span of a rat’s life — 
were m possession of accessory organs larger than those from younger 
vigorous animals Such conditions of accessory organs are proof of 
strong testis hormone secretion Wiesner 23 failed to find any correlation 
between extreme age and external manifestations of senility and hor- 
mone secretion In man, R A Moore 18 found evidence from prostates 
of the loss of hormone secretion in some cases by the 50th year, but 
just as good evidence from others of 80 years that testis secretion was 
in good order General physiological states throughout life may modify 
hormone secretion at any period yet to link so-called senility changes 
with diminution of hormone secretion in any causative manner is to go 
beyond the known facts 

It is to be emphasized that hormones secreted by the testis are not 
stored in the body but are rapidly lost through utilization, breakdown 
or excretion Mature rats reveal definite cytological changes in the acces- 
sory organs within two or three days after testis removal 

Aside from loss of secreting tissue— which can follow diseases, radia- 
tions or removals— the greatest known single factor modifying testis 
hormone secretion is the pituitary gland, and many imposed conditions 
that result m loss of hormone secretion appear to be indirect effects 
through pituitary interference Inanition, or vitamm-B deprivation 
leads to a loss of testis hormone secretion 12 but they likewise produce 
relative inactivity in the pituitary 24,25 In such deficient males hormone 
secretion is immediately reinitiated, without dietary correction, by such 
gonadotropic agents as exist in pregnancy urine or the pituitary In a 
similar manner seasonally inactive males lose their testis hormone secret- 
ing capacity at a time when the pituitary gland shows a diminished 
capacity to stimulate the reproductive system of immature females Such 
males will secrete hormone intensely if only they are treated with a 
gonadotropic agent 6 Any condition, therefore, that involves pituitary 
inactivity will naturally lead to diminution or loss of testis activity 
Hormone secretion can be carried on by testicular tissue located at 
any point m the body as a viable graft 1T,2G The mere transfer of testis 
tissue into a new locality, however, does not constitute a viable graft 
even though firm nodules may be palpable Unless the tissue remains 
viable, after such transfer, no physiological effect can be expected ex- 
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cepting some unknown effect that may possibly come from the autol- 
ysis of any tissue, since the amount of hormone earned over by even 
an entire testicle is too small to be detected by the most sensitive indi- 
cators known 27 Viable grafts cannot be expected unless the transplanted 
tissue is from the same species 20 and the alleged effectiveness, for long 
periods, of ape testis implants into man can be discounted 

Cryptorchid or undescended testes do secrete hormone even though 
gametogenetic activity is entirely absent Instead of greater hormone 
secretion by the undescended testicle, as formerly contended, the pro- 
duction is less in testes artificially elevated into the abdomen as well as 
those occurring normally 28 - 29 Whether this is due to an effect of the 
higher abdominal temperatures, injurious to the gametogenetic function, 
or to unknown factors, is yet to be determined 

Vasoligation, as a rejuvenation measure, was popular but a short time 
past, the idea behind it being based upon the supposition that hormone 
secretion was increased thereby and that secreted hormone served as a 
rejuvenation instrument Long preceding the introduction of vasoliga- 
tion for alleged rejuvenation purposes, subsequent to 1920, it had been 
shown mcontrovertibly that ligation of the excurrent passages from the 
testes did not cause degeneration of the germinal epithelium or an in- 
crease m interstitial tissue All contentions of an increase m hormone 
secretion were based upon subjective criteria The recent investigations 
of Poynter 30 on the rat have convincingly demonstrated that the oper- 
ation is without effect on hormone secretion whether the duration of 
closure has been weeks, or many months, or longer than a year— a period 
m the rat much beyond one-third of the animal s entire life span 

Isolation of the Male Hormone 

A brief recall of the spectacular advances in the last fifteen years in 
the isolation of the male hormone may be of interest McGee 31 in 1927 
succeeded in preparing the first unquestioned potent extract of the 
testicle The lipoid fraction of fresh bull testis provided an impure ex- 
tract which caused growth of the capon’s comb 32 and it proved capable 
also of repairing castration damage to all accessory reproductive organs 
of the rat, substituted for the spermatozoon life-maintaining property 0 
testis secretion, and prevented loss (or reestablished) the power of S mr ] e ^ 
pigs to perform ejaculation upon electrical stimulation on the head 
Further purification of testis extracts by Gallagher and Koch fina y 
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resulted in a highly concentrated activity In 1929 an androgenic sub- 
stance was obtained from human urine by Funk and Harrow 33 and by 
Loewe and Voss 34 which likewise substituted for testis activity Follow- 
ing the concentration of the active principle in human urine the brilliant 
chemical work by Butenandt and co-workers 35,30 resulted m obtaming a 
pure chemical substance, androsterone, whose chemical nature was de- 
termined from a very small quantity of crystals With the proposed 
formula assigned by Butenandt in mind Ruzicka and co-workers 37 in 
Switzerland immediately prepared the substance by synthetic means 
from cholesterol A second substance having androgenic properties, 
dehydroandrosterone, was likewise prepared from urine concentrates 38 
The comparative activities of androgenic substances from urine and 
from testis tissue on experimental test animals was emphasized especially 
by the Laqueur group in Amsterdam 39 and differences in the resistance 
of the active substance from the two sources to boiling alkali 40 indicated 
that different chemical activities were obtained from the two sources 
Further chemical work in Amsterdam finally led to the preparation of 
a pure chemical substance from testis tissue, testosterone, by David and 
others 41 Almost immediately its production by synthetic means was 
announced by the Butenandt and Ruzicka groups 4243 Noting that the 
effectiveness of testosterone was enhanced by the addition of tissue ex- 
tracts from testis or other organs, themselves inactive (so-called X-sub- 
stances), a large number of esters and other compounds of the parent 
hormone were prepared and proved to possess androgenic activity m 
varying degrees Thus, there is available at present more than a score 
of pure chemical substances that exert androgenic activity when intro- 
duced into the organism 44,45 One of the most active compounds is testo- 
sterone propionate, the substance most usually employed for clinical 
use It is current belief that the internal secretion naturally supplied by 
the testicle m life is perhaps quite similar to testosterone, perhaps in some 
peculiarly effective chemical combination It must be admitted, how- 
ever, that the naturally secreted hormone is not known for certainty 
and neither is it known whether different species produce different 
chemical substances as their internal secretion from the testis Physio- 
logically, testosterone, t-propionate, androsterone and other substances 
maintain the accessory reproductive organs of castrated mammals m a 
state entirely similar to that m the normal animal though the quantities 
of the different substances necessary to maintain normality vary to a 
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great extent, one substance may be more than ten times as effective by 
weight as another pure substance 

Administration of the chemically pure androgens for the most part 
has utilized the subcutaneous or intramuscular injection of solutions of 
the chemical substances in a light oil Oral effectiveness has been of low 
order but recent advancements give promise of some improvement in 
effectiveness when taken by mouth Suspensions of the compounds in a 
lanolin base with application as cutaneous ointments is an effective pro- 
cedure, some compounds thus administered are more effective than sub- 
cutaneous injections 40 Ointments of testosterone, methyl testosteione, 
and t-propionate are all effective as cutaneous ointments and essen- 
tially m the order as given 47 Deanesly and Parkes 48 demonstrated that 
implantation of pure crystalline substances beneath the skin provides 
probably the most efficient method of application The ideal sought 
is naturally the slow but continuous release of the active principle into 
the circulation, and the greater effectiveness of such compounds as t-pro- 
pionate is believed to reside in the retarded absorption from injection sites 

Number of Hormones 

The question of a multiplicity of hormones secreted by the testis has 
received considerable attention but in my estimation substantial evidence 
for the production of more than one substance is yet to be presented 
In the rat it is fair to state that no known change dependent upon 
naturally secreted hormone has resisted repair by a pure chemical com- 
pound such as t-propionate 

Effects of Administration of Androgenic Substances 

The effects of administration of androgenic substances depends to 
some extent upon the state of the animal receiving treatments Speaking 
m general terms for experimental animals (i) these substances in the 
developing ammal lead to modification of sexual differentiation, par- 
ticularly m developing females, females of developing chickens , 49 ’ 00 
rats , 51 mice , 52 and opossums 53 ' 54 are modified m many ways Complete 
male duct equipment may be produced m females, copious amounts of 
prostatic tissue may be caused to develop in females that normally 
never exhibit the prostatic homologue, and the female external genitalia 
may be caused to develop into typical masculine type (2) Administra- 
tion of androgenic substances to immature males induces precocity that 
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involves all duct and glandular structures of the reproductive system, 
in some species the testis appears to exhibit precocious development 
whereas in other species definite and pronounced injury follows Preco- 
cious puberty, a term applied sometimes unfortunately, will perhaps 
convey the general effects here indicated Chicks out of the egg only 
two weeks respond to male hormones by lusty crowing and attempts 
at treading their immature mates whether the substances are secreted 
by the testes as a result of gonadotropic treatment 35,50 or injected 
direct 57 (3) Administration to males below par m their sexual states can 
result in greatly stimulated responses 58,59,60 Extra-seasonal males can be 
returned to the breeding state in short order Low copulatory responses 
can be replaced by decided activity Underdeveloped accessory organs 
of reproduction— prostates, seminal vesicles, penis, etc —are increased in 
size (4) Administration to adult castrated males prevents regression of 
the accessory organs if it follows castration immediately, or repairs the 
involuted castrate organs that are dependent upon such secretions These 
hormones enhance, or maintain, or stimulate, as the case may be, the 
sexual drive (5) Administration of androgenic substances to females has 
a variety of effects In the normal female estrus cycles and ovulation 
are abolished, ovaries are frequently luteinized, menstruation is inhib- 
ited A'lale psychic tendencies are frequently induced and female rats 
adopt the masculine sexual responses, female canary birds are induced to 
sing and their social order is materially advanced, courtship is of a mas- 
culine type 01 Mammary glands and uterus are often stimulated Durmg 
pregnancy androgenic treatment may be followed by death, resorption 
or sexual modification of young, parturition is postponed and lactation 
is essentially abolished 

Various other additional effects could be mentioned but it is suffi- 
cient, perhaps, to realize that though these substances play an important 
role in normal masculine sex life, untoward effects may follow their 
application as an ordinary drug 

Of particular mterest here, are the effects of androgenic substances 
in man Of what use are they clinically, in what type of patient should 
they be employed, what is proper dosage, how administered, what 
contra-indications exist 5 The general statement that the clinical limita- 
tions are not yet completely defined can pave the way for certain sug- 
gestions arising from hormone applications m man, guided often by our 
knowledge of effects m experimental animals 
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It will no doubt suggest itself immediately that individuals de\ oid 
of testicular tissue through lack of proper development, atrophy or 
castration would be proper subjects for therapy By such means lack 
of maturity changes associated principally with a high pitched voice may 
be expected to show modifications Alleviation of castration or eunu- 
choidal conditions reported by clinicians, usually after subcutaneous or 
intramuscular injections, have largely followed a general sequence in 
which earliest noticeable changes have been the initiation of, or more 
frequent, erections sometimes characterized by severe priapism, growth 
of the penis, induction of, or increase m, ejaculations, growth of genital 
hair, prostate, increased salt, water and nitrogen retention with resulting 
gain in weight, some change in pitch of voice and less frequently, per- 
haps, growth of beard After the principal puberal changes have been 
developed, retrogressive changes of more evident nature do not appear 
rapidly with discontinuance of hormones, but involution of accessory 
reproductive organs does occur It is to be appreciated, however, that 
the maintenance of a typical functional state is dependent upon con- 
tinuous administration Daily dosages of 25 mgs t-propionate have been 
found effective, as well as dosages divided to approximate 50 to 60 mgs 
per week 02 10 08 Analysis of the urine of eunuchoids or castrates reveals 
an increase in excreted androgens during administration and the re- 
covery of activity has been reported from 14 per cent to 70 per cent, 
the variations being due m part to an estimate based upon different 
urinary compounds G0 > 70 - 71 > 72 

The question of effects of administered androgens upon the testicle 
is not settled Against the supposition that testis hormone would stimu- 
late testicular activity Moore and Price have emphasized the injurious 
effects upon the normal testicle from administration of these hormones 
to normal young rats 73,74,75 Short periods of treatment reduced the 
weight of testicles by 80 per cent, and caused severe histological damage 
and an entire cessation of spermatozoon production It was suggested 
that androgens stimulated the accessory reproductive organs direct but 
that inhibitory effects of the hormone upon the pituitary was the path- 
way of the harmful effects of androgens upon the testicle, hence an 
indirect one The report of lack of reparative effects upon testicles 
degenerate because of hypophysectomy, or other causes of damage, 
while the accessory organs were stimulated was one line of evidence 
suggesting that androgens had no direct action upon the testicle These 
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observations have been substantiated but the fact that androsren admin- 

lJ 

istration immediately following hypophysectomy, before damage ap- 
peared in the testicle, prevents testicular involution that would other- 
wise follow has reintroduced the question of testicular stimulation by 
androgens 76,77 7S There is the added fact that androgemc substances 
administered to the quiescent seasonal breeding male cause lesumption 
of testicular activity 79 These phenomena require further analysis The 
fact that hypophysectomy damage is equally well prevented by yeast 
extracts 80 and by progesterone , 81 and that the protective action of various 
androgens does not parallel their androgenic potency 78 raises seriously 
the question of the validity of the evidence suggesting a stimulating in- 
fluence arising from the testicle upon its own physiological functions 
In addition to the harmful effects upon the testicle of the rat similar 
injuries have likewise been reported after androgenic treatments in 
dogs , 82 ducks , 83 cocks 84 and guinea pigs 85 In man the effects of admin- 
istered androgens upon the testicle are reported as suggestive stimula- 
tion, no apparent effect, or injurious effects Heckel SG has recently 
pointed out severe reduction in spermatozoa m man during injection of 
t-propionate, with recovery after lapse of administration, and this re- 
ceives confirmation m the work of McCullagh , 87 repeated periods of in- 
jection are followed by severe reduction in sperm counts 

Androgens have been administered to boys in attempting correction 
of testicular undescent Whereas some favorable effects are reported the 
question has other aspects Precocious development of external genitalia 
and development of other maturity phenomena introduce questions of 
the advisability of such ministrations 88,89 

The treatment of prostatic hypertrophy through administration of 
androgens has been recommended but opinions are variable on the ad- 
visability of the procedure or benefits derived The treatment has been 
advocated on the assumption that older men secrete less androgemc 
materials and that the disturbed normal balance of androgen-estrogen 
permits estrogenic substances to stimulate prostatic hypertrophy Sug- 
gestions for its use arose largely from the work of the Laqueur group 90 
and the clinical experiences of van Cappellen 91 Zuckerman 92 has dis- 
cussed the experimental basis suggesting the treatment and the recent 
literature review of Vidgoff 93 portrays the experiences of a number of 
workers Thus far the chief claims for benefit from the treatment rest 
almost solely upon symptomatology, or clinical improvement , 94 and no 
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one to my knowledge has claimed reduction in size of the prostate It is 
reported that administration of t-propionate for periods up to 95 days 
fails to alter the histological character of the benign hypertrophied 
tissues’’ 5 It would seem fair to suggest that m man prostatic hyper- 
trophy has not been shown to be accompanied by increased urinary 
estrogens, or the administration of androgens to lower estrogenic output, 
it has not been shown that estrogens in man are in any way causally 
1 elated to prostatic hypertrophy, finally, it is scarcely probable, on the- 
oretical grounds, that androgen administration would in any way reduce 
the size of the prostate The value of the treatment would appear to be 
an unsettled question perhaps with the weight of evidence pointing 
to the negative 

In a discussion of the therapeutic application of male hormone brief 
mention should probably be made of its use in gynecological practice 
Some clinicians have considered it advisable to attempt modifications in 
pituitary activity by means that would avoid the effects of administra- 
tions of estrogens, hence androgens have been tried in various disorders 
in women Favorable results have been reported m the inhibition of lac- 
tation during the puerperium, 90 amelioration of dysfunctional uterine 
bleeding, 97 ’ 08 ' 09,100 and in menopausal disturbances 101 Prolonged usage 
however may be responsible for the induction of undesirable characters 
such as voice changes, unusual growth of hair or excessive growth of 
the clitoris 102 

It is apparent that the general subject of therapeutic administration 
of the male sex hormone is still m the experimental stage and requires 
the maturing influence of time and experience before its real value and 
limitations are established 
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is well recognized that the ovaries have a double func- 
aon, the formation and periodic liberation of sex; cells 
md the secretion of the female sex hormones, the estro- 
gens and progesterone, which play an important role m 
maintenance and cyclical changes of the accessory 
reproductive organs It is also clear that the ovaries are not self- 
maintaining structures Certain hormones of the anterior pituitary are 
essential to their maintenance and in turn the secretions of the ovaries 
influence the secretion of the gonadotropic hormones and probably 
other hormones of the hypophysis 

The inter-relations of these various structures have been intensively 
studied in the clinic and experimental laboratory for more than a decade 
Although they appeared to be simple at first and m their basic outlines 
are simple, yet they have many complex features which even at the 
present time are but imperfectly known Evidence for this last state- 
ment can be gained by even casual examination of results obtained in any 
sterility clime, or of experimental work directed towards the reinstitution 
of fertility when sterility has been induced by the experimental ablation 
of the hypophysis We also have, perhaps, been too inclined to beheve 
that the ovarian hormones act solely on the accessory reproductive 
organs, whereas in fact these secretions are powerful agents which cer- 
tainly influence many other body mechanisms, perhaps all of them 
The developmental and later cyclical changes of the structural com- 
ponents of the ovary need, as an introduction, to be only hastily re- 
viewed At birth an immense number of ova are present Figures differ 
somewhat but show that there are between 100,000 and 400,000 in the 
human ovary at birth Between birth and puberty many of these disap- 
pear but there still remains a large number at the onset of sexual maturity 
(Schroeder 1 ) In addition to this initial number, most recent mvestiga- 
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tions indicate that there is a formation of new ova from the germinal 
epithelium throughout the reproductive period (Allen, 2 Evans and 
Swezy 3 and others), although this is not universally accepted as being 
true (Kingsbury 4 ) In the human, all ova are destined to mature or to 
undergo degeneration and destruction by or shortly after the end of the 
reproductive period, for within a short time after the menopause none 
can be found nor can follicular development be stimulated by the injec- 
tion of gonadotropic hormone It is evident that but few of the ova and 
their enclosing follicles have undergone complete development, the num- 
ber of eggs that normally mature during the entire reproductive period 
of a woman not exceeding some 400 Thus most of the original thousands 
of primordial follicles degenerate at some stage m their life cycle, not 
infrequently after they have undergone considerable growth or indeed 
after they have reached nearly mature size In most mammals the theca 
interna of those follicles which undergo atresia form cords or masses of 
epithelioid-like cells, the so-called interstitial tissue of the ovary In rab- 
bits in which this type of tissue reaches the greatest development, the 
ovaries are laden with these cells and they were designated as the puberty 
gland by Ancel and Bourn That these cells can excrete estrogenic 
hormone m lower forms is evident from work on hypophysectomized 
rats In old-world monkeys and humans, however, interstitial tissue is 
very scanty or absent and it is difficult to attach any secretory role to it 
The hyalimzed bodies which form from atresia of follicles in the human 
can hardly be suspected of having a secretory function 

The changes and differentiation of various parts of those follicles 
which are destined to undergo maturation and ovulation are well known, 
and will not be reviewed It will suffice to refer only to the fact that 
during this growth two structures are differentiated which, in addition 
to the ovum, could, from their structure, be expected to form secretions 
These are the epithelial lining of the follicle, the granulosa, and the inner 
layer of the enveloping connective tissue capsule, the theca interna 
The cells composing the latter enlarge and assume epithelioid character- 
istics during the growth of the follicle It has been thought that the 
follicular fluid which, as first shown by Allen and Doisy et al 5 m 1924, 
contains estrogenic hormone, was probably formed by the granulosa 
Corner, 0 however, has recently reviewed the evidence m regard to which 
cells form estrogen and has come to the conclusion that the connective 
tissue element, the theca interna, and not the granulosa, is the site of 
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ovarian secretion of estrogenic hormone 

Following rupture of the follicle and extrusion of the o\um at 
ovulation profound changes take place in the follicle, resulting in the 
formation of a new structure, the corpus luteum This newly formed 
structure secretes a second sex hormone, progesterone Although a sub- 
ject of debate at first, it now seems certain that corpora lutea also secrete 
estrogen 

In addition to the secretion of estrogen and progesterone, there is 
secreted by the human female a large amount of androgen, as show n by 
the urinary assays from the laboratories of Koch , 7 of Laqueur s and of 
Callow ' 0 That the ovaries may be the site of secretion of a part of this 
hormone appears probable The experimental work of Hill 10 in mice and 
of Deanesly 11 in rats has showm that ovarian grafts made into the ears of 
castrated males maintained the male accessory reproductive organs if the 
animals w'ere placed in a cool environmental temperature Due to their 
exposed position, the temperature of the transplanted ovaries w-’as more 
influenced than they w'ould be in their normal location When the animals 
w'ere kept m a w'arm room the accessory organs atrophied and assumed 
the condition characteristic of the castrated male, indicating that no 
androgen w'as secreted by the ovarian grafts However, the evidence 
indicates that m women the most important site of formation of androgen 
is not the ovaries, but is probably the adrenal cortex Hamblen et al , 12 
using the colorimetric method of Oestmg, found normal androgenic 
titers in five oophorectomized w'omen and Hirschmann 13 chemically 
isolated dehydroandrosterone and androsterone from nine ovariectom- 
lzed women in only slightly low'er than the yields reported by Callow 
and Callow ' 14 

Although estrogen is found in the blood and urine m ovanectomized 
w'omen, as show n by Frank et al , 15 Fluhmann 10 and others, and estrone 
and progesterone normally occur in small amounts in the adrenals, it 
seems safe to assert that the effective estrogen and progesterone in non- 
pregnant w'omen are formed m the ovaries, as evidenced by the profound 
involution of the accessory reproductive organs after ovariectomy 
Where the estrogen which is found m the blood and urine after ovan- 
ectomy comes from is an unsoh ed problem, but the adrenals are a likely 
source 

Before taking up the ph) siological actions of the female sex hormones 
—the estrogens and progesterone— I wall discuss in as simple a way as 
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possible the number of natural estrogens which occur, their structural 
formulae and the transformations which they undergo before being 
excreted in the body, or m other words, then: metabolism It is known 
that but little of an injected estrogen can be recovered from the urine 
and feces Furthermore, much that can be recovered is in an inactive 
form It has been conjugated and m order to render it again biologically 
active it must be hydrolyzed The site m the body where this inactiva- 
tion or detoxification takes place will also be discussed I do not find in 
the literature a simplified description of the chemistry of the estrogens 
and it seems that an attempt to give such a description might be of value 
to those who are interested m the sex hormones but who, like the 
speaker, are not chemists ~ 

A very large number— running into the hundreds— of estrogenic sub- 
stances are now known Their structural formulae have been determined 
and they have been synthesized m the laboratory They can be separated 
into those which occur in nature, or the natural estrogens, and those 
which do not occur naturally, but which are produced only in the chem- 
ical laboratory Most of the latter are of low potency, although some 
give a reaction with small amounts of material, as, for example, stil- 
boestrol Only seven estrogens are known to occur m the tissues and 
fluids of animals Of these seven, five are not found m the urine of 
women but occur m the urine of pregnant mares Three only (estrone, 
estriol and estradiol) are found m the urine of women The third one 
named— estradiol— has only recently been isolated from the urine of 
women and occurs m very small amounts It has also been isolated from 
the urine of pregnant mares and, more important from the point of 
view of the metabolism of the estrogens, from the liquor folhcuh of sow 
ovaries, Doisy and his group 17 m 1935 having isolated 11 mg using more 
than four tons of sow ovaries to secure this small amount of chemically 
pure hormone Since this substance is the one chiefly found m the ovaries, 
it is thought to be the parent hormone of estrone and estriol, the two 
other hormones isolated in humans The naturally occurring estrogens 
all have the same carbon skeleton, the cyclopentenophenanthrene nucleus 
(Figure 1) This same skeleton is found m other biologically active 
substances, bile acids, toad-poisons, androgens, adrenal cortex hormone, 
progesterone, and the sterols The differences between these substances 

the preparation of the discussion on the 


* Invaluable assistance was received from Dr Louis Levin in 
chemistrj of the estrogens and progesterone 
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Fig 1 — Hie carbon skeleton (ciclopcnophremnthrcnc nucleus) of tbe n iturnlh occur- 
ring estrogens and other steroid hormones, show mg the numbering of the carbon itoms 


are due to different side chains and groupings attached to a common 
skeleton, and to certain space relationships However, the difficulty of 
synthesizing the estrogens is much greater than it is with the androgens, 
progesterone and desoxycorticosterone The latter are prepared com- 
mercially from the natural sterols such as cholesterol The so-called 
pseudosynthesis of estrone from ergosterol has been reported but be- 
cause of the cost of ergosterol and the small yield, it is not a practical 
method of obtaining estrone The total synthesis of equilemne, an 
estrogen found in the urine of pregnant mares, has recently been re- 
ported by Bachmann, Cole and Wilds, 18 and since equilemne can be 
reduced to estradiol the commercial synthesis of this substance appears 
to be a possibility All the natural estrogens now in use come from urine, 
largely from the urine of pregnant mares This urine yields largely 
estrone and this by reduction is changed to the more potent compound, 
estradiol * Other substances may be substituted in one of the side chains, 
to give a more prolonged action, as for instance, estradiol benzoate (the 
commercial product called Progynon B), or estradiol dipropionate 
(Figure 2) 

Chemically the three estrogens differ from each other only in the 
groupings on carbon 16 and 17 (Figure 2) Estradiol, the most active 
and probably the true follicular hormone, has an alcohol group on 
carbon 17 In estrone this alcohol group is replaced by a carbonyl 
(ketone) group If the elements of water are added to estrone at the 
carbonyl group, estriol results It is evident, then, that these three com- 
pounds are very closely related In fact, some of the interconversions 

•Estradiol occurs jn t%\o form* cr estradiol and £ estradiol the difference*; being due to tic space 
relationships of the OH group on carbon 17 The ct form predominates m the isomers ob*atned 
from the reduction of estrone to estradiol This is fo-tura e for tho e wno d'etre to male potent 
commercial preparations because the a form is much more potent (some 30 times) than the £ form 
Most commercial products of estradiol contain cnl\ the 0 . form the {3 form having bee~ eliminated 
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Figure 2 


have been effected in vitio and demonstrated in vivo Estradiol (dihy- 
drotheelin) is the only one which has been actually isolated from ovarian 
tissue, as I stated earlier, and the activity of the follicular fluid is in a 
large measure accounted for by the estradiol content The remaining 
fraction is ltetomc m nature and is probably estrone Estrone and estrioi 
have been isolated from the urine of normal and pregnant women and 
from certain tissues of the body These findings, in themselves, indicate 
that estrone and estrioi may be the metabolites of estradiol Further 
evidence supporting this view was furnished by Westerfeld and Doisy 10 
and by Pmcus and Zahl 20 They demonstrated the in vivo conversion of 
the hormones after injections into rabbits and monkeys 

The site of conversion or metabolism of the estrogen in the body is 
soil uncertain Pmcus and Zahl claim that the conversion of estrone 
to estrioi in the rabbit requires a functional uterus, for they could not 
demonstrate this conversion in hysterectomized or long-time castrated 
animals Westerfeld and Doisy , 10 however, found that the presence or 
absence of the uterus had no effect on the conversion of estradiol to 
estrone and vice versa Whether or not these two sets of experiments 
deal with two different mechamsms is not yet known 
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The urinary estrogens are largely excreted m a combined form, as is 
indicated by the discovery that yields of estrogen from urine are mark- 
edly increased by preliminary hydrolysis Marrian and co-workers 21 
have isolated the combined estriol from human pregnancy urine and 
found it to consist of estriol glucuronidate, the linkage involving the 
terminal aldehyde group of the glucuronic acid and the hydroxyl group 
of carbon 16 or 17 of the estriol The complete explanation for this 
conjugation is not yet known However, it is well known that glucuronic 
acid is used by the organism in detoxicating many substances Also, the 
conjugation with glucuronic acid increases the water solubility of estriol 
A third fact, demonstrated by Marrian 22 is that the glucuronidate is 
relatively inactive as compared with the free estriol Thus it may be that 
the conjugation is made by the orgamsm in order to detoxicate the 
estriol, to increase its solubility m the urme or to inactivate the estrogenic 
potency or for all three reasons That the inactivation may be of par- 
ticular importance during pregnancy is suggested by Marnan’s finding 
that shortly before the onset of labor the proportion of free estrogen 
rises very markedly Marrian deduced from this that possibly the in- 
crease in free estrogen is for the purpose of sensitizing the uterus to the 
oxytocic principle of the pituitary and so to facilitate the onset of labor 
During the first eight and one-half months of pregnancy there is no 
need for sensitization of the uterus to oxytocin and so the estriol is con- 
verted to the relatively inactive glucuronidate 

Estrone is also conjugated before excretion Preliminary work by 
Schacter and Marrian 23 suggests that in pregnant mares’ urine, estrone 
is present m combination with sulphuric acid Whether or not this is 
also true for the estrone of human pregnancy urine is not yet known 
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The nature of the estrogen conjugates of normal human urine is like- 
wise unknown 

The site in the body where the estrogens are conjugated and so rendered 
inactn e appears to be the liver Zondek, 24 a number of years ago, showed 
that estrogen was inactivated when incubated m viti o with liver Israel 
and his colleagues 25 found inactivation to occur in a lung-heart-liver 
perfusion system, but not in a lung-heart preparation Golden and E L 
Sevringhaus 20 noted that in animals m which the ovaries \\ ere trans- 
planted into the mesentery no evidence of heat appeared, and Biskind 
and Mark 27 showed that pellets of estrone implanted in the spleen w hen 
the circulation was intact gave no response, whereas if the splenic artery 
and vein were ligated the pellets were effective, presumably because of 
absorption by the non-portal part of the circulation Although a role of 
the altered spleen cannot be overlooked m the inactivation of the estione 
in these last experiments, nevertheless the evidence from these various 
experimental approaches seems definitely to show that the conjugation 
and consequent inactivation of the estrogens takes place m the liver 
If an estrogen is always destroyed in its passage through the circulation 
of the liver, however, it is puzzling to understand how this substance, 
when given by mouth, can be effective Estnol, it will be recalled, is 
quite effective by mouth m experimental animals, at least Another puz- 
zling finding is that of Dmgemanse et al, 2S who have recently reported 
that considerable amounts of combined estrogen are found in ovaries It 
seems quite unlikely that this could have been conjugated m the liver 
and then stored m the ovaries, although this is a possibility If such is not 
the case the alternative remains of it having been actually secreted m the 
ovary in a combined inactive form 

The inactivation of estrogen by an organ such as the liver may 
partially explain the pronounced response from percutaneous or per- 
epithelial administration, even though the rate of absorption is low, for 
in this method of administration all the estrogen would act on the under- 
lying structures before passing into the circulation and there being 
inactivated m its passage through the liver circulation 

The active substance peculiar to the corpus Iuteum, named proges- 
terone, was isolated m 1934, simultaneously by four different labora- 
tories Its structure has been determined, showing it to belong to the 
same family of compounds as the estrogens It is to be noted that proges- 
terone has quite different active groupings from the estrogens (Figure 
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4) Instead of a phenolic hydroxyl on carbon 3, progesterone has a 
ketone group with a single unsaturated linkage in this position On 
carbon 17, instead of a hydroxyl or ketone group, progesterone has an 
acetyl group In addition, progesterone has the usual sterol methyl 
group on carbon 10 This, it will be recalled, is absent in the estrogens 
It is converted by the endometrium, according to Venning and 
Browne, 29 into an inactive compound, pregnandiol These investigators 
report that during pregnancy and during the last half of the menstrual 
cycle, when luteal activity is high, pregnandiol is excreted m the urine 
Similarly they find that injections of progesterone into ovariectomized 
women, previously sensitized by estrogen, result in pregnandiol excre- 
tion However, no pregnandiol could be demonstrated after adminis- 
tration of progesterone into hysterectomized women This led Venning 
and Browne 29 to postulate that the reduction to pregnandiol takes place 
m the endometrium However, recent work by Buxton and Westphal 30 
indicates that other mechanisms for the conversion are possible They 
find that normal and pathological men, treated with progesterone, excrete 
almost theoretical amounts of pregnandiol In these cases, certainly, the 
conversion could not take place in the uterine endometrium 

Venning and Browne have advocated the use of urinary pregnandiol 
determination as a measure of corpus luteum activity That the deter- 
mination has a great value is undeniable However, it should be re- 
membered that the pregnandiol is but the end product of the chemical 
reduction of progesterone A large number of intermediate products is 
possible— in fact, many of them have been isolated from urine It there- 
fore appears that negative findings as to pregnandiol excretion need not 
necessarilv mean lack of luteal activity It is quite possible that pro- 
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gesterone may be secreted at a normal rate by the corpus luteum but 
that its conversion to pregnandiol is incomplete Thus, one would find 
little of this compound m the urine, although a careful search might 
show the presence of other degradation pioducts of progesterone It is 
evident that m order to determine the presence or absence of active 
corpora lutea, pregnandiol determinations should be supplemented by 
uterine biopsies 

The Action of Estrogen 

The estrogens are powerful pharmacological agents A response of 
the female accessory reproductive organs was the first one noted and is 
the most prominent effect and so it is quite logical that it has been the 
one on which attention has been pnmauly focused, and effects on other 
structures neglected The few studies which have been made on other 
responses make it unsafe to assume, however, that only the reproductive 
system, including the mammary gland, is affected by these hormones 
These remarks could be justified even though no relationship to the 
genesis of cancer had been established The reaction induced by the 
various estrogens is similar, differing only in intensity and duration, and 
so can here be treated as due to a single substance 

The action of estrogen on the uterus is well known and need be only 
briefly discussed The uterus after ovariectomy undergoes profound 
involution, the glands become short and few in number and the epithe- 
lium of a low non-secretory type If estrogen is administered all parts of 
the organ are stimulated The myometrium becomes thicker and more 
vascular The endometrium particularly responds, becoming thickened 
and showing a growth in the number and length of its glands, and some 
glycogen deposition takes place in the basal zone of the gland cells 
The epithelium is increased m height The vascular response is imme- 
diate, pronounced and striking, as shown by direct observation of the 
uterus m rabbits through an abdominal window and of endometrial 
transplants m the anterior chamber of the eye (Markee , 81 Pompen 32 ) 
There is an early increase in the acetylcholine content, as shown by the 
fact that atropine will inhibit the dilatation of the vascular bed and by 
tests on esenmzed frog muscle (Pompen , 32 Reynolds 33 ) The endome- 
trium imbibes fluid from the dilated and slowed circulation These vas- 
cular changes precede the later enhanced growth and metabolic changes 
The resultant effect is then a proliferation of epithelial cells and a thick- 
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ened and a highly lascular and edematous endometrium For the de- 
velopment of the type of endometrium in which implantation of the 
fertilized egg can take place, the second female sex hormone, proges- 
terone, is necessary Although its first action, as shown by experimental 
work, is to increase mitoses in the glands and epithelial lining of the 
uterus (Lloyd 34 ), its later and specific effect is to bring about a secretory 
condition in this epithelium Glycogen, which lies in the basal portion 
of the gland cells in the estrogen phase, is transferred to the apical zone 
and together with mucus is secreted into the lumina of the glands The 
lumma become not only filled with this secretion but become enlarged 
and irregular in shape 

Although the induction of this secretory or progravid state of the 
endometrium is a specific action of the corpus luteum hormone, its action 
is enhanced by estrogen, that is, the amount of progesterone necessary 
to produce a progravid endometrium is decreased by injecting estrogen 
(Hisaw et al, 35 ) Engle and Smith 30 ) * Not only is the progesterone re- 
sponse enhanced by estrogen, but, as has been experimentally shown, 
the progravid condition can be maintained for a longer period if estrogen 
is concurrently administered This work, which has shown that the 
progesterone response is enhanced by estrogen, thus correlates with 
what I have described earlier, namely, that the corpus luteum normally 
secretes both progesterone and estrogen 

* In earlier work (Hisaw and I eonard,37 Clauberg,38 Robson39) on the combined 
action of estrogen and progesterone on the endometrium of rabbits, it was found that 
the progestational effect of progesterone was nullified by the concurrent injection of 
relatn ely small amounts of estrogen Estrogen is pronouncedly antagonistic to proges- 
terone in rabbits and the progestational action of the latter is nullified if about 1/75 to 
1/100 of its weight of estrone is administered, or in international units, a ratio of about 
1 to 100 However, e \ en m rabbits the addition of some estrone to the progesterone 
after a progravid condition had been developed by progesterone alone, prolongs the 
progravid condition (W M Aliens o) Normally the progrand condition induced by 
progesterone administration in spa} cd rabbits disappears by the tenth day In order to 
secure a progesterone response it is necessary, of course, to sensitize the uterus b\ a 
preceding series of estrogen injections 

In monkeys the estrogen-progesterone ratio which will present the progestational 
reaction is much higher than in rabbits A daily dosage of estrogen as high as 500 R U 
or approximately 2500 to 5000 I U does not inhibit the action of 5 I U of progesterone, 
a ratio in I U of 5000-10,000 to 1 (Allen, Hisaw and GardneHl) These findings in 
monkevs appear to correlate much better with those in the human than does the work 
on rabbits, although no precise experiments ha\ e been reported in the human Not onl} 
is it well known that corpora lutea m the human contain much estrogen, but in addition 
assavs of blood and urine show a much larger amount of estrogen than can be found in 
lower forms, including monkejs It seems safe to assume that the action of the proges- 
terone from the human o\ ar\ is increased and not inhibited in the human bv the circu- 
lating estrogen 
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I would like to point out, however, that the response of the endome- 
trium does not depend solely on the action of estrogen and progesterone, 
but is influenced by altered body states In hypophysectomized monkeys 
we have found that the response to these hormones is less than in spayed 
animals and that the latent period between withdrawal of both estrogen 
and of progesterone and menstruation is very greatly increased The 
cachexia and other disturbances induced by hypophysectomy evidently 
reduce the quantitative responses to these hormones, although qualita- 
tively their actions are not changed 

Curious as it may seem, work has established that estrogen assists m 
the structural and presumably the functional maintenance of the corpus 
luteum itself I refer to the work of Westman 42 and of Robson 42 m 
rabbits in which it was shown that the rapid regression of the corpora 
which characteristically occurs after hypophysectomy can be prevented 
by the administration of estrogen In such an experiment it is obvious 
that this maintenance cannot be indirectly due to a stimulation of the 
hypophysis Although an indirect effect through other endocrine glands 
has not been disproven, nevertheless this work indicates that estrogen, 
an ovarian secretion, assists m the maintenance of an ovarian structure, 
the corpus luteum This could justifiably be characterized as a gonado- 
tropic effect of estrogen This corpus luteum maintenance effect of 
estrogen, however, is not permanent and regression of the corpora ulti- 
mately occurs, even though the injection of estrogen is continued Re- 
gression which would normally occur within five days is postponed 
only until the thirteenth to the sixteenth day, which is the period that 
corpora lutea remain functional in pseudopregnancy in rabbits We 
have to admit that the reactions of the reproductive organs of rabbits 
are peculiar in some respects and that this gonadotropic effect of estro- 
gen may not hold m monkeys and the human The presumption is, 
however, that the same response will be found in these higher forms 
It seems desirable to mention some of the hormonal conditions ob- 
taining in pregnancy, for not only is the maintenance of the state of 
pregnancy dependent on the continued secretion of the ovaries in most 
forms, but the newly formed organ, the placenta, is a secretory organ 
and supplies hormones normally secreted primarily by the ovary In 
most laboratory animals abortion soon takes place, when the ovaries are 
removed Such is not the case in the human, m monkeys, m guinea pigs 
and in mares Except m monkeys, the literature is sufficiently extensive 
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and definite to establish that the o\ anes are not essential for the con- 
tinuation of pregnancy in these species 

A number of years ago Robert Frank pointed out that the placenta 
probably had a secretory function, and this has been found to be the case 
It appears to be highly probable, and indeed established, that the gonado- 
tropic hormone which appears in the unne in large amounts early in 
pregnancy m women is formed by the placenta The designation of this 
hormone as chorionic gonadotropin is being widely adopted and this 
name was accepted at the Third International Conference on the Stand- 
ardization of Hormones held m Geneva last year Estrogen continues 
to be present after the removal of the ovaries during pregnancy, al- 
though further studies are desirable to determine if it is in normal 
amounts and how great a reduction invariably occurs after ovariectomy 
The placenta contains a higher concentration of estrogen, mostly as 
estnol, than any other organ of the body 

Less work has been done on the placental source of progesterone 
than is the case with the estiogens A method for the assay on the 
excreted degradation products of progesterone has only recently been 
devised, and though it has already proven of great value in supplying 
additional evidence on the period when progesterone is secreted in the 
normal cycle and during pregnancy, nevertheless but little work on the 
effect of ovariectomy on the secretion of progesterone in pregnant 
^ omen has been done Browne et al 44 and Jones and Weil 45 have re- 
ported pregnandiol excretion after excision of the corpus luteum during 
pregnancy In the case of Jones and Weil there was a temporary drop 
followed by a return to nearly normal levels Even though data do not 
conclusively show that the placenta secretes estrogen and progesterone, 
it appears highly probable that such is the case and that in the special 
condition of pregnancy the placenta supplements and indeed can take 
over in the human the secretion of the female sex hormones in the 
absence of the ovaries 

I shall not include a discussion of the effects of estrogen and pro- 
gesterone on the tv, o other mam structures of the reproductive system, 
the vagina and mammary glands Proliferation of the epithelial elements 
of both organs is caused by estrogen In the vagina there is an increased 
deposition of glycogen and a consequent lov ermg of the pH This in- 
creased acidity and accompanying epithelial proliferation and cormfica- 
tion is probably responsible for the benefit in gonorrheal vaginitis 
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As stated earlier in the paper, the extra-reproductive effects of 
estrogen have not been investigated nearly as extensively as have the 
responses of the reproductive organs Studies, it is true, have been made 
on such subjects as the influence of estrogen on ketosis, carbohydrate, 
fat and basal metabolism, serum calcium, and blood formation, but not 
only is more work required before significant or at least definite conclu- 
sions, in most cases, can be drawn, but also any indirect effect through 
the pituitary gland must be further tested, so that it would be premature 
to attempt to draw conclusions at this time 

Although blood pressure determinations after estrogen injections are 
negative and consequently an effect on the larger blood vessels and the 
heart is improbable, nevertheless significant and definite changes have 
been reported in the peripheral circulation Work on the peripheral 
vessels was stimulated from two findings First, injection of estrogen 
causes within an hour in rabbits a pronounced hyperemia This is not 
due to a heightened metabolism of the tissue, for the hyperemia pre- 
cedes an increase in oxygen consumption Secondly, the hyperemia from 
estrogen injection is not limited to the uterus but is participated in by 
the sexual skin m monkeys and by the nasal mucosa The hyperemia per- 
sists throughout the estrogen injection and leads at least in the uterus 
and the sexual skin of monkeys to water retention and a high osmotic 
pressure of the interstitial fluid (Aykroyd and Zuckerman ) and sodium 
retention (Thorn and Harrop 47 ) In a form in which the sexual skin 
changes are pronounced, the water retention is sufficient to produce a 
significant increase in body weight (Krohn and Zuckerman ) The 
weight increase is accompanied by a decrease in urme output Although 
a change in the water content of the skin is more pronounced in forms 
having a distinct swelling of the sexual skin, nevertheless an effect on 
water retention from estrogen injections has also been shown to occur 
in rats, a species in which there is no external manifestation of changes 
in the slun (Zuckerman et al 49 ) This shift in water to the skm in rats 
amounts to almost i per cent of the body weight and is accompanied by 
slight decrease m the water content of muscle and certain of the organs 
This water retention effect of estrogen is also induced by other sterol 
hormones, although certain differences, as m nitrogen retention, occur 
and Zuckerman 50 states that the excretion of water which has accumu- 
lated in the sex skm of monkeys from estrogen administration is not 
prevented by progesterone, testosterone or cortm The effect of estrogen 
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on the peripheral circulation has been further explored by Reynolds and 
his co-\t orkers m rabbits and the human By direct observation on the 
transillummated ear of rabbits Reynolds and Foster 51 - 52 observed that 
injection of estrogen caused a dilatation of the capillaries and small ven- 
ules The ear became pink That there was usually not an increased 
blood flow was evidenced by a fall rather than a rise in the temperature 
of the ear The effect was limited solely to the small peripheral vessels 
as there was no constant change in blood pressure In measurement of 
the volume of the finger in men they (Reynolds and Foster 53 ) found 
an increase which averaged 4 6 per cent in twelve subjects, whereas in 
six there was no response Although the increase was small, attention 
was called to the fact that the fleshy part of a finger comprises only 
about one-half the total volume of this digit, and an increase in size 
would be limited to the soft part and not to the hard part— the nail and 
bone Although work on the peripheral vascular responses has not been 
extensive, yet sufficient work appears to have been done to establish that 
vascular effects are not limited to the sexual organs of the female 

The mechanism by which estrogen alters the peripheral vascular 
bed, so far as it has been elucidated, seems to be an interesting one 
Pompen 32 found that the heightened vascularity of the uterus mduced 
by estrogen injections would be inhibited by atropine sulphate This 
indicated that the response might be due to an increase m acetylcholine 
Reynolds 51 has carried out a series of assays of the acetylcholine content 
of the uterus He finds that m ovariectomized rabbits no trace of this 
substance could be found in most cases, whereas within an hour after an 
injection of an estrogen (Amniotm, Squibb) a very appreciable amount 
was present Whether, in the general peripheral vascular bed, acetyl- 
choline is the agent responsible for the dilatation of the small vessels 
remains yet to be established That such may be the case is indicated by 
the interesting findings reported by Soslan and Bernheimer 54 in atrophic 
rhinitis These investigators postulated that the beneficial effects in 
atrophic rhinitis reported by Mortimer et al 55 and by Blaisdell, 50 from 
injections of estrogen, \\ ere due to hyperemia They tested this hypoth- 
esis not by local application of acetylcholine, w hich might be danger- 
ous, but by potentiating that which was normally present but which is 
inactivated by choline esterase They inhibited the action of the latter 
with local applications of a physostigmin-hke substance In a moderate- 
sized series, fourteen patients, this treatment, they report gave better 
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results than were secured with local applications of estrogen If further 
work confirms this report, it will be an excellent example of an imme- 
diate practical application of findings which appeared to be of theoreti- 
cal physiological interest only 

Among the extragonadal effects of estrogen the action on the an- 
terior pituitary gland is outstanding This action is so well know n, how - 
ever, that a brief discussion wall suffice 

It was early noted that the daily subcutaneous injection of estrogenic 
preparations damaged the reproductive apparatus of male animals At 
first this was attributed to a hormone antagonism but when it xvas later 
found that ovarian atrophy also resulted, it seemed likely that the injury 
was due to decreased hypophyseal activity This view was strengthened 
by the discovery that the injection of gonadotropic hormone concur- 
rently with estrogen prevented the ovarian atrophy in normal animals 
and that m hypophysectomized rats estrogen administration did not de- 
crease the effect of gonadotropic hormones The physiological evidence 
seemed to show' clearly a depressant effect on the hypophysis Evidence 
soon appeared, however, showing m certain but not m all forms that 
estrogen caused a formation of corpora lutea, a finding wffiich would 
indicate an enhanced output of luteinizing hormone, according to the 
ideas current about the two hypophyseal gonadotropic hormones There 
w'as thus suggested a reciprocal relationship between the ovaries and 
the hypophysis, which wmuld very nicely explain the rhythnncality of 
the female sex cycle With the growth of the follicles in the first half 
of the cycle there wmuld be increasing secretion of estrogen which in 
turn would depress the output of follicle-stimulating hormone and in- 
crease the secretion of luteinizing hormone As the correct balance 
between these two gonadotropic hormones was reached, rupture of the 
follicles wmuld result and corpora lutea would form and be maintained 
by the luteinizing hormone Such a concept, as shown by subsequent 
w'ork, is far too simple Luteinizing A P hormone, as prepared by pres- 
ent methods, does not maintain the corpora lutea, but rather in some 
forms, at least, it causes their disappearance The lactogenic hormone, 
on the other hand, induces the functional and structural persistence of 
the corpora lutea The ovarian-hypophyseal interrelationship m the cycle 
is apparently not as simple as was outlined The marshalling of addi- 
tional data frequently spoils these simple schemata 

How ever, both experimental and clinical wmrk show that estrogen, 
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w hen given in considerable amounts, represses the liberation of at least 
one of the two or more gonadotropic hormones supposed to be secreted 
by the hypophysis Even this finding, which seems clear from all physi- 
ological evidence, is difficult, however, to harmonize with the structural 
changes which occur in the hypophysis, for these changes definitely 
indicate an increased activity of the basophiles However, it is certain 
that the administration of estrogen decreases the urinary output of pitu- 
itary gonadotropic hormone which normally rises at the menopause, a 
rise which has been given as the cause of the menopausal disturbances 
This may well be too simple an explanation, for the influence of estrogen 
is not limited to the hypophysis and the reproductive system as pointed 
out earlier in this paper 

The repressing effect of estrogen on the hypophysis is not limited to 
the gonadotropic hormone or hormones A number of experimental 
studies have shown a slowing or indeed a stoppage of the growth in 
young animals Although there are differences of interpretation m regard 
to the changes m the epiphyseal cartilages from estrogen administration 
(Tausk and de Fremery , 57 Zondek, 5S Pfeiffer and Gardner , 50 Silber- 
berg and Silberberg 00 ), it can be stated that, whatever may be the 
nature of these changes, it is certain an abrupt stoppage of growth can 
be induced in experimental animals (Deanesly 01 and others) The injec- 
tion of estrogen, however, could hardly be recommended as a method 
for limiting growth in the human, because the effects of this hormone 
are general, as I have emphasized earlier in this paper In addition to the 
depressant effects on growth, we can add the more questionable one of 
depression of the thyroid and the induction of an adrenal hypertrophy 

In this paper I have limited myself to a discussion of the action of the 
oxarian hormones, for this subject is sufficiently complex to make me 
w ell-satisfied to have had the pituitary gonadotropic hormones and their 
action on the ovaries discussed earlier in the Fortnight series by J B 
Collip I may, perhaps, have appeared to overemphasize the complexity 
of the action of estrogenic hormones, although I believe such is not the 
case I have tried to point out that the estrogens— certainly much more 
so than progesterone— are pow erful pharmacological agents Even though 
w e o\ erlook the possibility of carcinogenic effects, they cannot be given 
with assurance that their action will be circumscribed or limited The 
ad\ ance in our know ledge about the action of the female sex hormone 
has been rapid, for it is only in the last few years that these substances 
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have been made available in quantities sufficient to carry on adequately 
experimental and clinical investigation with them Since these hormones 
are powerful pharmacological agents and have a widespread action on 
the body, it is important to keep in mind that they should not be pro- 
miscuously given and that it is important to know when they should not 
be used as well as to know when they may be of value 
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NICOTINIC ACID 
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C A Elvehjem 

Proft^or of Biochcnmtr>, tni\cr«it> of \\ »«.con«m 



v]r we review briefly the developments in the field of bio- 
chemistry, we find that chemical elements and chemical 
compounds have become biologically significant by di- 
verse pathways The various methods by which the five 
ShshshseshshsS recognized members of the B complex have come to be 
known as specific chemical compounds makes an interesting story m 
itself In the case of riboflavin the new compound was isolated and later 
associated with fundamental processes in the living cell In the other 
cases the necessity of compounds of specific character was recognized 
first and finally the actual compounds were isolated and identified 
Thiamin, vitamin B c , and pantothenic acid turned out to be compounds 
of rather unique structure, quite different from those generally found in 
living matter On the other hand, the antipellagra factor was found to 
be a compound w Inch had been known for many years 

It is quite obvious that in all cases our knowledge of the biological 
significance of these factors has increased more rapidly after the com- 
pounds became available m pure form Thus we are not so interested m 
the manner in which the significance was recognized as we are in the 
entire and complete picture It is my purpose this evening to give you as 
complete a picture as I can of the facts concerning the third member of 
the vitamin B complex— nicotinic acid 

Huber 1 first prepared nicotinic acid in 1867 by the oxidation of nico- 
tine Its isolation from biological material was not achieved until 45 
years later when Funk 2 isolated nicotinic acid in crjstalhne form from 
yeast concentrates v Inch possessed antineuntic activity The acid itself, 
how c\ er, displayed no actn lty in curing pigeon beriberi At about the 
same time Suzuki, Slumamura, and Odake 1 isolated nicotinic acid from 
rice polishings In 1916 Y\ llliams 1 impressed b\ the common occurrence 
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Nicotinic acid Nicotine 



Nlcotinurlc acid Trigonelline 

Figure 1 


of nicotinic acid with the antineuntic vitamin in several natural sub- 
stances, again tried nicotinic acid, trigonelline, as well as other pyridine 
derivatives for antmeuritic potency, but none of them caused any perma- 
nent improvement in polyneuritic fowls Trigonelline, the methyl be- 
taine of nicotinic acid, was isolated from plant material by Jahns 5 in 
1885 In 1912 Ackermann 0 found that dogs given fairly large amounts 
of nicotinic acid excreted in the urine about equal amounts of trigonel- 
line and mcotmuric acid (the dipeptide of nicotinic acid and glycine) 
The formulae for these compounds are given in Fig 1 

Except for the work of Szymanska and Funk 7 who attributed an 
appetite-stimulating and weight-preserving action to nicotinic acid and 
the amide, very little interest was shown m the possible role of pyridine 
derivatives m living systems until the work of Warburg and Euler in 
1935 Warburg and Christian 8 characterized nicotinic acid amide as one 
of the hydrolysis products from the coenzyme which they had isolated 
from blood and which is now known as coenzyme II Kuhn and Vetter 9 
isolated nicotinic acid amide from heart muscle and Euler, Albers, and 
Schlenk 10 from cozymase 

This work gave new impetus to the application of these compounds 
m the field of nutrition Euler and Malmberg, 11 using a diet similar to the 
Sherman-Bourqum diet supplemented with vitamin Bi and riboflavin, 
found no growth response with the acid or amide although the rats 
receiving the acid lived longer Funk and Funk 12 found larger food 
intake and better growth in rats and pigeons on certain rations when 
given the acid and especially the amide In our own laboratory 13 we 
observed a growth stimulus from nicotinic acid when fed with adenylic 
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acid to rats on a factor W deficient diet How e\ cr, none of these re- 
sponses was of sufficient magnitude to attribute to nicotinic acid real 
vitamm-Iike properties 

Let us now r turn our attention to the human disease, pellagra Almost 
twenty years ago Dr Vocgthn presented before this Society the studies 
on pellagra a\ ailable at that time and concluded that the disease could be 
prevented by appropriate diet, but the nature of the dietary factor had 
not been discovered By 1930, due to the excellent work of Goldbergcr 
and co-w orkers, pellagra had been definitely established as a deficiency 
disease and the protective factor w'as associated wnth the more heat stable 
fraction of the B complex which had been distinguished from vitamin 
Bi by animal experimentation A pellagra-like condition had been pro- 
duced in rats on diets low' in the B complex supplemented with an alco- 
holic extract of corn I w’ant to emphasize at this time that Goldbergcr 
never referred to this syndrome as anything except a pellagra-like condi- 
tion The symptoms observed m rats by Goldberger w r ere undoubtedly 
those which we associate today with vitamin Be and riboflavin defi- 
ciency Considerable difficulty w r as encountered in producing this condi- 
tion consistently but the grov'th-stimulating effect of various foods 
w'hen added to this diet continued to be used as a measure of antipcllagra 
activity All the values in the literature w'ere based on these assays except 
the limited figures reported by Sebreli 11 from studies with dogs 

In 1930 the value of liver extract m the treatment of pellagra in 
humans as well as its activity in the pre\ cntion of vitamin B2 deficiency 
in rats w f as recognized Goldberger and Sebrell 15 found liver extract 343 
to be a good source of the factor necessary for the prevention of black 
tongue in dogs Spies 10 and Smith and Ruffin 17 found tint fairly large 
amounts of liver extract by mouth w ere efficacious m treating pellagra 
At about the same time I w r as working m the Biochemical Laboratory, 
Cambridge, England, and Dr Guha, w 7 ho w 7 as also working there, found 
the liver extract, which I had brought along for another purpose, pro- 
duced excellent 29-ow th in rats on a vitamin B2 deficient diet The fol- 
low mg year Salmon and Gucrrant ls found In er extract to be four times 
as rich m \ itamin B (B_) as a sample of brew ers’ veast We now know 
that the growth obtained in both cases must ha\ e been due mainly to 
the riboflavin present m the In er extract How c\ cr, the abo\ e results 
w ere sufficient to com mcc me that In er extract might be an excellent 
material for the isolation of the antipcllagra factor 
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Attempts in our laboratory to produce pellagra-like lesions in rats 
failed completely and we turned our attention to chicks A pellagra-like 
condition was produced m the chick by feeding a heated natural grain 
ration, and the assays of our fractions from liver extract depended upon 
the prevention of these lesions We 10 soon had the first indication that 
the factor active m this syndrome was separate from riboflavin v Inch 
Kuhn, Gy orgy, and Wagner-Jauregg 20 had just isolated and shown to 
have growth-promoting properties in rats Concentrates of riboflavin 
were completely inactive for the chick while purified fractions from 
liver retained their potency after removal of riboflavin Lepkovsky and 
Jukes 21 soon confirmed our experimental results and introduced the name 
“filtrate factor” for the active substance in the filtrate after removal of 
the riboflavin with fuller’s earth This designation did not exactly please 
us since naturally we felt that we were dealing with the true antipellagra 
factor, but both Dr Lepkovsky and I recognized that there Mas no 
evidence available to show that the pellagra-like condition in chicks was 
identical with human pellagra It was therefore necessary for us to repeat 
our work using dogs, since most authorities agreed that black tongue m 
dogs was identical with human pellagra Again 22 riboflavin had no effect 
on black tongue while the purified concentrates free of riboflavin were 
highly active in curing this syndrome Birch, Gyorgy and Harris 23 con- 
firmed the fact that riboflavin had no curative action m dogs and Dann , 24 
Spies , 25 and Fouts, Lepkovsky, Helmer, and Jukes 21 ’ reported complete 
inactivity of riboflavin in the treatment of human pellagra 

Further purification of the liver fractions gave concentrates which 
contained very small amounts of solid material and which were highly 
actn e in both chicks and dogs It was not surprising that we believed 
that the chick and dog required the same factor Within a very short 
period we 27 demonstrated the activity of nicotinic acid in the cure of 
black tongue, and isolated nicotinic acid amide from liver extract con- 
centrates The activity of nicotinic acid in the treatment of black tongue 
m as soon verified by Street and Cowgill , 28 Dann , 29 and Sebrell and co- 
workers 30 However, when we 31 tried nicotinic acid or the amide on 
chicks we found these compounds completely inactive m the prevention 
of the pellagra-like lesions m this species The chicks had provided a 
means of assay not because we were actually testing for nicotinic acid 
but because we were testing for the chick antidermatitis factor which 
followed the nicotinic acid amide very closely Recent work in our 
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laboratory conducted by Dr Woolley has identified the chick anti- 
dermatitis factor as pantothenic acid 

The activity of nicotinic acid in the treatment of black tongue sug- 
gested its therapeutic use in human pellagra and its successful use has 
been reported by a number of workers m the field The value of nico- 
tinic acid has recently been reviewed by Spies, Bean, and Ashe 32 They 
make the following summary concerning its use “In cases of acute or 
chronic pellagra in relapse it will (a) cause fading of the fiery red 
lesions of the mucous membranes and diminish the Vincent’s infection 
associated with it, (b) in most cases, restore to normal disturbed gastro- 
intestinal function, (c) restore to normal the mental function deranged 
moderately or severely m acute pellagra, (d) cause fading of the dermal 
erythema but not cure chronic changes of the skin In cases of sub- 
clinical pellagra, the vague ill-defined symptoms disappear and in per- 
sons subject to recurrences of the disease the development of clinical 
pellagra is prevented In both clinical and subclmical pellagra, the sense 
of well-being, one of the attributes of health, is restored ” 

Very recently Clecldey, Sydenstncker, and Geeshn 33 have reported 
the beneficial effect of nicotinic acid in the treatment of atypical psy- 
chotic states 

Katzenellenbogen 34 working in Palestine brought about considerable 
improvement in twenty-one out of twenty-four cases of stomatoglos- 
sitis, characterized by soreness of the tongue and angles of the mouth 
and sore throat Landor , 33 however, could not cure stomatitis with nico- 
tinic acid but did find yeast to be active It is quite possible that these 
conditions may be related to the cheilosis which Sebrell 36 has shown to 
be due to a riboflavin deficiency 

Nicotinic acid has also been used in the treatment of disorders re- 
lated to black tongue in dogs and certain intestinal disturbances in pigs 
It is safe therefore to conclude that diets low in nicotinic acid or com- 
pounds which yield nicotinic acid on ingestion allow the development 
of pellagra and related disturbances in humans and similar conditions m 
dogs, pigs and monkeys 

The above results raise certain pertinent questions (a) What is the 
distribution of nicotinic acid or nicotinic acid precursors m natural 
foods 5 (b) Are other compounds equally as effective as nicotinic acid, 
and (c) How does nicotinic acid function m the animal body 5 

The successful use of natural foods as a source of this vitamin de- 
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pends upon the availability of complete figures for its distribution in a 
large variety of foods Possible methods for determining the distribution 
of nicotinic acid include chemical procedures, bacterial growth methods, 
and animal assays The method of Karrer and Keller 37 based on the 
color produced with 2,4 dimtrochlorbenzene is definitely not reliable 
since the value given by Karrer for liver is one-tenth of the amount of 
nicotinic acid amide which we actually isolated from liver and we cal- 
culated that we recovered only one-twentieth of that present The 
method which has been most satisfactory depends upon the breakdown 
of the pyridine nucleus by cyanogen bromide and aniline to give a 
yellow colored compound which can be measured colorimetrically 
Swammathan 38 has used this method on foods and Shaw and Mac- 
Donald 39 on commercial liver extracts Bandier and Hald 40 have used 
p-methylammophenol in place of aniline, and Bandier 41 has recently 
applied this method to biological material with satisfactory results 
Nicotinic acid was shown to be an important growth factor for 
Staphylococcus aureus by Knight, 42 for diphtheria bacillus by Mueller, 43 
and for dysentery bacillus by Koser, Dorfman, and Saunders 44 Although 
some of these methods have been used for the quantitative estimation of 
nicotinic acid in body fluids, no extensive studies have been made on 
foods Similarly cozymase has been determined through the use of the 
bacilli of the influenzae group as originally demonstrated by Lwoff and 
Lwoff but as yet this method has been applied mainly to blood by 
Vilter, Vilter, and Spies 45 and by Kohn 4G 

As far as animal assays are concerned, both the rat and the chick are 
eliminated at least for the time being We have, therefore, continued to 
rely upon the dog for our assays The curative method has been used 
almost exclusively Black tongue was produced on our regular basal 
ration containing 

Yellow corn 7 2 

Purified casein 1 8 

Cottonseed oil 5 

Cod liver oil 2 

Ca ; (PC>4) 2 1 

CaCOa 1 

NaCl 1 

Thiamin 5° gamma per K per day 

Riboflavin “ “ “ “ “ “ 


<t u « u 
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Table I 

NICOTINIC ACID POTENCY OF FOODS BASED ON BIO ASS AYS WITH DOGS 


Material 

Mg per gm 
dry weight 

Material ' 

I ! 

Mg per gm 
dry weight 

Liver, pork 

12 

Tongue, beef 

0 4-0 5 

Lner, lamb 

12 

Veal 

05 

Lner, leal 

09 

Brain, beef 

0 3-0 5 

Kidney, pork 

0 85-1 0 

Heart, pork 

03 

Yeast, brewers 

10 

Heart, beef 

03 

T east, bakers 

05 

Dried cereal grasses 

0 1-0 15 

Pork, lom 

0 45-0 6 

Skim milk powder 

05-15 

Pork, ham 

04 

Wheat germ 

05-1 


The response of each dog to standard amounts of nicotinic acid was 
determined before any assays were started and again after two or three 
assays had been made The response measured was that obtained from 
a single dose of food material, all of which was consumed within a 
period of 24 hours 

Table I summarizes some of our results calculated as milligrams of 
nicotinic acid per gram of dry food Our results are somewhat higher 
than those given by Bandier It is entirely possible that the response 
shown by dogs when given liver as a source of nicotinic acid is some- 
what greater than that resulting from nicotinic acid alone, but we must 
not overlook the possibility of incomplete extraction in the chemical 
procedures If we assume the daily human requirement for nicotinic 
acid is 25 mg, then 25 gm of dry liver or one-quarter of a pound of 
fresh liver will supply the requirement About one-half pound of lean 
meat per day will amply meet the need 

In the assay work it became apparent immediately that only certain 
foods will produce rapid improvement when given at levels which will 
be consumed readily by the sick dog This group includes practically 
all animal tissues and yeast Foods like wheat germ and skim milk gave 
a response only when the supplements were continued over a period of 
several days The availability of a reliable chemical method will greatly 
facilitate the work on the distribution of this vitamin m foods In gen- 
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Table II 

WJI-15I VCK JONGLE ACIIMJT OF VARIOUS PYRIDINE DERIVAINES 


Active 

: 

Inactive 

Nicotimi Kid 

P\ ridine 

Nicotinic tc id amide 

Picolinic icid 

rtlul nuotimte 

Isomcotmic u id 

Nicotinic acid N metlnl amide 

\Tpeeotic acid 

Nicotinic acid N diethil amide 

fi-Metlnl nicotinic icid 

yg-PicoIine 

1 riponelline 

X'lcotmtiric acid 

1 

1-Meth\l nicotinic acid lmidc chloride 

Quinolinic acid 

/J-Aminopvridine 


eral we may say that most natural foods will vary from i to ioo mg of 
nicotinic acid per ioo gm dry material Certain crude liver extracts may 
contain as high as 200 to 300 milligrams per 100 grams In order to 
supply amounts of nicotinic acid which have proved effective m the 
treatment of pellagra, it would be necessary to feed at least 100 grams 
of the more concentrated sources 

As long as severe pellagra is encountered, I imagine the use of nico- 
tinic acid or related compounds will have to be continued, but when it 
is used v e must remember that there are at least five other members of 
the B complex which may also be low m the diet of pellagrins Work 
both in the field and with dogs on the Goldberger diet indicates a pos- 
sible deficiency of thiamin and riboflavin 

Dogs grow very well on the Goldberger diet supplemented with 
thiamin, riboflavin and nicotinic acid, but if the corn m such a diet is 
replaced by sucrose the dogs will grow for only a short time and then 
begin to lose weight The addition of 2 per cent of liver extract renders 
the diet complete We are still working on the fractionation of liver 
extract, but to date we are certain that the liver extract must supply at 
least three additional factors, vitamin Be, factor W, and pantothenic 
acid If the dogs are deprived of vitamin Bo they will develop a severe 
microcytic anemia \\ Inch responds readily to the administration of 60 
micrograms of synthetic vitamin Bo per day When the basal is supple- 
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mented with vitamin Bo alone there is no growth until pantothenic acid 
and factor W concentrates are added 

Thus it is important to follow the nicotinic acid therapy with foods 
rich in other members of the B complex Nicotinic acid as such is an 
emergency measure Our goal should be the modification of the diet so 
that the people existing on marginal diets would obtain nicotinic acid 
as well as other essentials from foods This does not mean that certain 
foods low m nicotinic acid but relatively rich m other essentials could 
not be fortified when experimental work has shown the proper means 
of fortification The dogmatic statement that foods must not be forti- 
fied with nicotinic acid or other synthetic vitamins should not be ac- 
cepted until all the facts are available 

Let us now turn to the second question Are other compounds 
equally as effective as nicotinic 5 Shortly after we demonstrated the 
effectiveness of nicotinic acid in the dog, Mr Madden and I, m conjunc- 
tion with Strong and Woolley, 47 tested the activity of a number of re- 
lated pyridine derivatives The active and inactive compounds are listed 
in Table II It was immediately apparent that a rather specific structure 
is required for anti-black tongue potency The alpha and gamma isomers 
of nicotinic acid (picolmic acid and lsomcotinic acid) are completely 
inactive All the compounds tested in which one of the ring hydrogens 
had been substituted (by a methyl or a carboxyl group) or in which a 
methyl group had been added to the ring nitrogen were inactive The 
replacement of the carboxyl group of nicotinic acid by a sulfonic acid 
group or by a cyano group or the removal of the carboxyl entirely 
(l e , pyridine) led m each case to inactive compounds 

It appears probable that m addition to the acid and its amide only 
those compounds possess anti-black tongue potency which are capable 
of oxidation on hydrolytic conversion to these substances m the body 
Evidence for this view is based on the fact that alkyl substituted amide 
proved to be active as did the ethyl ester /3-picohne which might be ex- 
pected to be oxidized m the body to nicotinic acid showed a fair degree 
of activity Nicotmunc acid was also active, which indicates that the 
body can hydrolyze this dipeptide Subbarow, Dann, and Meilman 48 
reported in a preliminary note that /3-aminopyndme was highly active 
in the treatment of black tongue When this compound was tried in 
our laboratory, we 40 found it to be completely inactive In a later note 
Subbarow and Dann 70 confirmed our findings 
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It is interesting that there is a close correlation between the results 
obtained in our work with dogs and those obtained by Dorfman, Koser, 
and Saunders 51 with the dysentery bacillus Since they found ff-picohne 
to be completely devoid of growth-promoting activity the organisms 
evidently cannot oxidize the methyl group while the animal body can 
brino- about this transformation to a limited extent 

D 

Recently there has been considerable interest m the activity of re- 
lated pyrazme and thiazole compounds Dr Bills has prepared both the 
mono and the 2,3 dicarboxyhc acid derivatives of pyrazme, and Spies 
(personal communication) has found that they show some activity m 
pellagra We have also found that they possess about one-tenth the 
activity of nicotinic acid in the treatment of black tongue Dr 
Schmelkes has sent us thiazole 5 carboxylic and it also shows some bio- 
logical activity To date no compound has been found which is more 
effective than nicotinic acid or the amide 

At this point we should say a word about the toxicity of nicotinic 
acid The work of both Chen, Rose and Robbins 52 and of Unna 53 indi- 
cates the very low toxicity of nicotinic acid and its derivatives Sodium 
nicotmate showed a toxicity in mice and rats only when fed at levels 
ranging from 4 to 7 grams per kilogram body weight The amide was 
found to be somewhat more toxic than the sodium salt Unna found 
that prolonged oral administration of 2 grams per kilogram daily of 
sodium nicotmate to rats, chickens, and dogs over periods up to 2 
months failed to produce toxic symptoms The work of Chen, as well 
as that in our own laboratory showed that dogs receiving 2 gm of nico- 
tinic acid per day for several days showed some toxicity However, 
Unna suggests that the toxicity may have been due to the acidity of the 
nicotinic acid since he observed no ill effects with the neutralized com- 
pound m even larger doses In any case there seems to be the same wide 
range between therapeutic dose and toxic dose for nicotinic acid as for 
the other vitamins 

In addition to the above results practically all investigators have 
found that the administration of large amounts of nicotinic acid to 
human beings is often followed by sensations of heat and tingling of 
the skm This feeling is accompanied by flushing and rise in skin tem- 
perature In normal individuals the intravenous injection of 20 mg nico- 
tinic acid or its salt will cause an increased skin temperature According 
to Spies, Bean, and Ashe 32 the chemicals effective in pellagra therapy do 
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not always produce flushing but those provoking the temperature rise 
are all effective therapeutic agents Sebrell and Butler 54 found reactions 
in some persons on continued treatment with daily doses as low as 
30 mg by mouth They conclude that the occurrence of these transient 
reactions should not be allowed to interfere with the therapeutic use of 
large doses of nicotinic acid 

As soon as the nutritional significance of nicotinic acid was recog- 
nized, it was generally assumed that its function in the animal body must 
be related to coenzymes I and II However, it was not easy to obtain 
direct evidence for this relationship Both coenzymes are very important 
m carbohydrate metabolism and they are supposed to differ in structure 
only by one molecule of phosphoric acid, yet they possess remarkable 
specificity m relation to the dehydrogenases with which they will react 
In most cases a substrate together with its dehydrogenase will react with 
one of the coenzymes but not with the other The quantitative estima- 
tion of the amount of coenzyme present in tissues is based upon this 
specificity Of the two factors, coenzyme I or cozymase is most easily 
estimated 

The most obvious approach to any study on the function of nico- 
tinic acid is therefore the estimation of the coenzyme content of the 
tissues from animals suffering from nicotinic acid deficiency Euler and 
co-workers 53 used this approach on rats but unfortunately a specific 
nicotinic acid deficiency was not produced in the rats Very recently 
Euler and co-workers 56 have presented results to show that tissues from 
rats on diets low in the B complex tend to be lower m nicotinamide and 
cozymase than those from normal rats However, it remains difficult to 
demonstrate an uncomplicated deficiency of the pyridine nucleotides 
or any of their precursors m the rat We have, therefore, used the dog 
and the pig in all of our studies 

W e have limited our work to coenzyme I and the amount in various 
tissues has been determined by the yeast fermentation method which has 
been employed by the Euler group The method is based on the prin- 
ciple that the addition of varying amounts of coenzyme to a washed 
yeast preparation will produce rates of fermentation which are propor- 
tional, within certain limits, to the amount of coenzyme I added The 
rate of CO2 evolution is measured in a Barcroft differential manometer 
under very carefully controlled conditions The optimum levels of 
washed yeast, glucose, magnesium, manganese, hexose diphosphate, and 
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Tamf III 

THE C0EN7A ME I CONIENIS (EXPRESSED IN MICROGR VAIS 
PER GM OF ERESII WEIGH I) OF A VRIOUS I ISSUES 


Animal 

Liver 

ICulne 1 / 
cortex 

Brain 

gray 

matter 

Go'.trai - 
nemtttt 
mu* cl c 

Blood 

Guinea pig 

523 (4) # 

503 (4) 

107 (4) 

662 (4) 

65-89 ( 1) 

Rat 

1114 (6) 

1077 (6) 

353 (6) 

782 (6) 

SI-106 (6) 

Chicken 

878 (3) 

990 (3) 

306 (3) 

693 (3) 

65-105 (15) 

Dog 

1185 (1) 

1060 (1) 

— 

458 (1) 

51-66 (4) 

Human 



1 


20-35 (10) 


* Figures m parentheses indie ite the number of irnrmls userl 


buffer must be determined for each type of yeast used Under these 
conditions the cozymase content of animal tissues may be determined 
by comparison with standard amounts of pure cozymase provided there 
is no loss of cozymase during the preparation of the animal tissues for 
analysis 

Dr Axelrod, working in our laboratory, has found that the follow- 
ing procedure allows practically complete recovery of the cozymase 
The animal is sacrificed in the absence of anesthesia and the desired tissue 
remo\ r ed immediately, cut into thm slices, and placed on slabs of solid 
carbon dioxide The frozen tissue is ground to a fine powder, placed in 
boiling water, boiled for 2 minutes, and cooled immediately A suitable 
aliquot can then be taken for analysis When blood is analyzed the red 
cells are separated and placed directly in hot water 

In Table III are given the results obtained with several different 
tissues taken from guinea pigs, rats, chickens, dogs, and humans It is 
apparent that cozymase content of the tissues from different species 
does not vary greatly in spite of the apparent difference in the nutri- 
tional requirements The values given in this table are somewhat higher 
than those found in the literature due undoubtedly to the fact that great 
care w^as taken to prevent destruction of the cozymase during the proc- 
ess of extraction 

Our first studies on the effect of a nicotinic acid deficiency involved 
the determination of the cozymase content of the blood of normal dogs 
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Tahle IV 

1 HE EFFECT OF A NICOIINIC ACID DEFICIENCY UPON THE 
COENZYME I CONTENT OF DOG TISSUES 


Tissue 

Microqrams of coenzi/mc I 
of fresh tissue 

'per qram 


Dog IV 
deficient 

Dog V 
deficient 

Dog VI 
normal 

Ividnei cortex 

1130 

1070 

1000 

Blood* 

60 

66 

61 

Li\er 

714 

650 

1185 

Gastrocnemius muscle 

205 

427 

490 


* No significant changes were found in the hematocrit \ alues 


and dogs suffering from black tongue Throughout our entire work we 
hat e been unable to show any decrease in the blood even in very severe 
cases of black tongue Similar results have been obtained with blood 
from pigs suffering from severe nicotinic acid deficiency It is interesting 
that \ alues for dogs range from 50 to 60 micrograms of cozymase per 
cc of v hole blood and for pigs the value is less than 10 micrograms In 
both cases all of the cozymase was found m the corpuscles 

Vilter, Vilter, and Spies 45 using the method of Lwoff found a de- 
crease m the cozymase content of the blood of pellagrins and an increase 
upon the administration of nicotinic acid Kohn, 4G however, found no 
difference between the blood of normal and pellagrous patients but did 
find an increase even in normal patients upon administration of nicotinic 
acid Our studies on humans carried out in cooperation with Dr Edgar 
Gordon agree with those of Kohn The value in normal patients was 
found to be 20-30 nucrograms per cc of blood, which may increase to 
50-60 nucrograms upon the ingestion of 100 mg nicotinic acid per day 
YV hen the high level is established and the nicotinic acid is no longer 
supplied, the cozymase gradually decreases to the normal level during a 
period of about two weeks 

Our next approach was the estimation of cozymase in the tissues 
nken from the \arious animals At first we did not have pure cozymase 
as a standard, but even in these studies it avas evident that both the liver 
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Tahle V 

COZ'iMVSE AND NICOTINIC 4CID CONTENT OF 
BIOLOGICAL MATERIALS 


t 

Cozy male 
mq per 

100 gm 

fresh tot i 

Nicotinic acid 
calculated from 
cozi/masc, mg 
per 100 gm \ 

fresh tot j 

Nicotinic acid 
found, mg per 

100 gm 
fresh to/ 

Lner, beef 

70 

12 D 

261 

Liver, pork 

52 

96 

33 0 

Muscle, beef 

31 

57 

13 8 

Muscle, rat 

20* 

37 

— 

Blood, human 


36-54 

3S** 

Yeast, brewers 

50* 

92 

24 0 

Yeast, bakers 

25* 

46 

12 0 


* Euler — ** Sw ammathan 


and muscle tissue from deficient dogs contained considerably less than 
the same tissues from normal dogs No differences could be detected in 
the kidney and brain After the pure cozymase was made available to us 
by Dr von Euler, it was possible to calculate the actual amount in the 
tissues 

The results obtained with one normal dog and two black tongue dogs 
are given m Table IV From these figures it is evident that there may be 
a significant decrease m the liver and muscle depending upon the severity 
of the symptoms Similar results have been obtained with pigs The 
muscle of the deficient pigs showed a much greater decrease than in the 
case of the dogs 

It is significant that the brain, kidney, cortex, and blood maintained 
their normal coenzyme I content under the conditions of our experi- 
ments Perhaps a normal level in these tissues is absolutely essential and 
a decrease is incompatible with life In the case of liver and muscle, the 
vital functions can apparently be maintained although presumably to a 
greatly reduced degree m the absence of their normal content of co- 
enzyme I Under more severe conditions changes may also take place 
in tissues other than the liver and muscle Whether the decrease in the 
liver and muscle is sufficient to account for the gross symptoms observed 
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cannot be answered at this time However, it is quite probable that the 
rapid improvement noted both in humans and animals when nicotinic 
acid is administered is due to the rapid formation of cozymase when the 
nicotinic acid part of the molecule is made available 

Further evidence for the direct relationship of mcotimc acid found 
in animal tissues is present as cozymase We have determined the cozy- 
mase content of a number of edible tissues which were also assayed for 
nicotinic acid potency on dogs Some of these values are shown in 
Table V 

If the cozymase is converted to an equivalent amount of mcotimc 
acid we find that this amount makes up an appreciable amount of the 
total mcotimc acid Part of the mcotimc acid must be present as coen- 
zyme II and there is undoubtedly some free mcotimc acid and amide 
More definite comparisons can be made when accurate chemical methods 
for these tissues are available 

In summary we may say that mcotimc acid has a history very similar 
to that of thiamin and riboflavin The availability of pure mcotimc acid 
has not only given us a practical means of combating pellagra but has 
aided us m understanding some of the metabolic processes which are 
disturbed during pellagra Such an understanding will aid m the diag- 
nosis of a mcotimc acid deficiency before the gross symptoms of pellagra 
develop We may look for similar results with vitamin Bg and panto- 
thenic acid as well as other unrecognized factors 
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PROCEEDINGS OF ACADEMY MEETINGS 


S T A l ED M ELT 1 X O S 

J \\ i! \n\ 1 — The Xew York Academy of 
Medicine Annual Meeting Executne 
session — a] Rending of the Minutes, bj 
Present ltion of diplomas H Presenta- 
tion of annuil repoits (to be read bv 
title) the Council, the Trustees, the 
1 reasurer, Committees If Papers of the 
etening Chemotherapc including sutfa- 
p\ ndme and allied compounds — 1] Gen- 
ei il considerations, Francis G BlaUc 
Sterling Professor of Medicine, "J lit 
Lnneisitj School of Medicine, b) Pneu- 
monia, Norman Plummci, Instructor 111 
Medicine, Coinell Umcersitj School of 
Medicine, c] Toxic effects, M llliam S 
iillett, Professor of Medicine, New 
foik Lnnersita College of Medicine 
'I Report on election of members 

Jax uaiu IS — J he Harvey Society 111 affilia- 
tion xvith The Xew York Academy of 
Medicine Ihe fourth Hir\e\ lectuie, 
“Heredity and the Deaelopment of 
Early Abnormalities in Vertcbr ites,” 
L C Dunn, Professor of Zoolom, Co- 
lumbia T ni\ ei site 

SECTIOX ME ETI X G S 

Jaxuaitv 2 — Dermatology and Syphdoloiiy 
Presentation of cases — 1] New fork 
E T m\ersit\, College of Medicine and 
Belleaue Hospital, b] Miscellaneous 
cases flGcner il discussion Executne 
session 

Jvxcvnv 5 — Surgery Reuling of the min- 
utes ^Presentation of cases — i] Recur- 
rent acute pancreatitis, Janies Edwin 
Ihompson b] Recurrent acute pancre- 
atitis, Frederick Henr\ Vniendola Dis- 
cussion, Henri fVisdoni Ca\e, c] Pri- 
mari adenoc ircinoma of the iciunum 
with resection, Nelson f\ irren Cornell, 
Discussion, N Chandler Foot, d] Cast 
of the pancreas, complete excision. Re- 
sult after (i months, John II Girlock 


Discussion, b r ink T McGow m r Ptpcis 
of the ciening — 1] Clinic il \ due of 
seium umlise studies in pancrcitic dis- 
e isc, rdw ai d F Lew ison (In nn it ition) , 
Discussion, Perea Khngenstein , b] Car- 
cinoma of the lie id of the p increas, 
f\ 1II1 un Bnclaa Pirsons, Discussion 
M ilium Crawford fVlute, c] Studies in 
p increaticogastrostoim and parti il p m- 
oeatectorm in animals, Frank Glenn, 
Discussion fVilliana Frank M acb ee 
General discussion (J Lxecutne session 

Jaxcarx 9 — Combined Meeting, Section of 
Xeurologij and Psychiatry and the He 10 
I orL Xeurological Society Papers of 
the eaening — a] Cerebral arteriograpln 
In means of a rapidly excictcd organic 
iodide compound, Sulnea f\ Gross, Dis- 
cussion, Cornelius G Dike, Iraine H 
Marshall (by imitation), Lawrence 
Poole (by imitation), b] Recent ex- 
perimental disclosures concerning the 
functions of the frontal lobes, John F 
Fulton (b\ imitation), Discussion, 
Richard M Brickner, Lauretta Bender, 
Kurt Goldstein (bv imitation), John E 
Searff, c] Pupillography , its signifi- 
cance in clinical neurologa, Otto Loew- 
enstein (lit imitation) , Discussion, 
John F Fulton (by imitation), M 
Daaidson, Bernard Sachs tirxecutne 
session 

J ax c Aita 10 — Historical and Cultural Medi- 
cine Reading of the minutes II Paper of 
the eaening — Ihe Remiss ince of an it- 
01m, from Mondino to Leonardo, Pro- 
fessor A Castiglioni, Padua, Ital\ (by 
imitation) U Discussion, Victor Robin- 
son (by imitation), Leona Baumgait- 
ner (In imitation), George Rosen (bv 
imitation) U General discussion 

Jvxuutv 11 — Pediatric? Program presented 
be members of the Department of Pe- 
diatrics of Han arcl Lnnersitv Medical 
School Reading of the minutes *1 Papers 
of the eaening — a] Blood ascorbic acid 
concentrations m terms of plasma red 
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cells and white tells, Allan M Butler 
(b\ invitation), b] Extracellular fluid 
volume, James L Gamble (In in\it i- 
tion) , c] Variability of the clinical and 
hematological manifestations of leuke- 
mia in childhood, Louis K Di nnond 
(bv invitation), d] Hie criteria foi 
ligation of the patent ductus irteriosus 
in the light of the first one and a lialf- 
j ears’ experience, John P Hubbard (bv 
invitation), Robert E Gross (bv invita- 
tion) General discussion Executive 
session 

Jam; cm 15 — Ophthalmology Instruction 

hour 7 00 to 8 00 — Non-suppurative dis- 
eases of the cornea, Ralph I Lloyd 
IT Demonstration of Slit Lamp Cases 
8 00 to 8 30, Gordon M Bruce, Giro- 
lamo Bonaccolto, Milton Berliner 

Reading of the minutes Presenta- 
tion of cases — a] Motion picture dem- 
onstration of unusual neuro-ophthalmo- 
logieal conditions, S Philip Goodhart, 
Benjamin Balser (by invitation) , b] 
Repair of entropion, Raymond Meek 
IT Papers of the ev emng — a] Diagnostic 
significance of central scotoma, Frank 
B Walsh, Baltimore (by invitation). 
Discussion, John Evans, b] Sclerocor- 
neal sutures, John M McLean, Balti- 
more (by invitation) U Executive ses- 
sion 

Jcxuam. 16 — Medicine Beading of the 

minutes H Papers of the evening — a] 
Trauma and its relationship to lieait 
disease, Louis Faugeres Bishop, Discus- 
sion, Arthur M Master, b] Wed’s dis- 
ease in New lork Citv, Elliston Farrell 
(bv invitation). Discussion H General 
discussion 

Jamjar* 17 — Genito-Unnary Surgery Read- 
ing of the minutes IT Papers of the eve- 
ning Svmposium on Experimental and 
clinical phases of sex hormone therapj 
— a] Current errors about sex and sex 
hormones, James F McCahej, Depart- 
ment of Lrologv, Jefferson Medical 
School (bv invitation), b] Indications 
for hormone therapv in glandular defi- 
ciencies, Walter M Kearns, Department 
of Urologv, Marquette Tniversitv (bv 


invitation), c] Evaluation of hormone 
therapv in diseases of the gcmto-urinarv 
svstem, Norris J Deckel, Department 
of Urologv, Rush Medical School (bv 
invitation) U General discussion, Earl 
T Engle, Columbi i Lruvcisitv U Exec- 
utive session 

Ivxuar* 17 — Otolaryngoloyi/ Reading of 
the minutes TI Papers of the evening — 

a] Dental reactions of the temporoman- 
dibular joint of interest to otolarvngolo- 
gists (motion pictures, lantern slides), 
Sidney E Riesner, DDS (bv invita- 
tion) , Discussion, Edmund Prince 
Fowler, Sr, Solomon Fineman, b] Voice 
anomalies of hysteric origin Psjchoso- 
matic interrelationship (slides, record- 
ings), James Sonnett Greene, Discus- 
sion, Oskar Diethelm, Cornell Univer- 
sity Medical College (by invitation), 
Irving W Voorhecs (bv invitation) 
H Executive session 

J vmjaivv 23 — Obstetric « and Gynetolot/i/ 
Reading of the minutes H Pupers of the 
evening — a] Potencv evaluations of the 
commercial female hormone prepara- 
tions, Bernard L Cinberg (bj invita- 
tion), Stanley F Goldman (bj invita- 
tion), Discussion, Edwin G Langrock, 

b] Studies in artifici il ovulation with 
the hormone of pregnant mares’ serum 
(motion pictures in color), S iniuel I 
Siegler (by invitition). Discussion, 
Raphael Kur/rok 

Orthopedic Surgery — Ihere was no meeting 
of the Section of Orthopedic Surgcrv 
m January because of the annual meet- 
ing of the American Academy of Ortho- 
pedic Surgeons which was held Tanuarv 
21-25, at the Hotel Statler, Boston 


AFFILIATED SOCIETIES 

Jaxuar* 15 — New York Roentqen Societit 
in affiliation with The New York 
Academy of Medicine Case reports a] 
Skeletal changes induced by the admin- 
istration of estrogen, Charles J Sutro 
(bv inv itation) , b] An unclassified dc- 
structive bone lesion simulating a inalig- 
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nant tumor, Louis Lichtenstein (In in- 
vitation), c] A review of 58 cases of 
tabetic arthropathy, Maurice M Pome- 
ranz, Abraham S Rothberg (bv inv it 1 - 
tion) II Paper of the evening — Findings 
in cases generallv misinterpreted as 
cortical bone abscess or sclerosing osteo- 
myelitis of long bones, Henry L Jaffe 
Discussion Executiv e session 

Jamjar* 25 — New York, Pathological So- 
ciety m affiliation with Tlio New York 
Academy of Medicine Case reports — 
a] A case of thromboarteritis of the 
pulmonary arterv with chronic obstruc- 


tion m the pulmonarv circulation, B M 
Vance, Chief Medical Examiner’s Office, 
b] Contralateral adrenal atropln asso- 
ciated with cortical adrenal neoplasm, 
Tobias Weinberg, Jit Sinai Hospital 
II Papers of the evening — a] the influ- 
ence of sulfanilamide and sulfapv ridmc 
upon the evolution of experimentally in- 
duced pneumococcus pneumonia in rats, 
David Goldstein (by invitation), living 
Graef, New York University College of 
Medicine, b] Aplastic anemia, Cornelius 
P Rhoads (bv invitation), Memorial 
Hospital H Executive session, election 
of officers 



Brewer, George Emerson 150 East 73 
Street, New 1 orh City, born in Westfield, 
New Tork, July 28, 1861 , died in New York 
City, December 24, 1939, received the de- 
grees from Hamilton College of A B , 1881, 
M A , 1884, LL D , 1916, M D from Harvard 
University in 1885, and lion D Sc from 
Columbia University in 1929, elected a Fel- 
low of the Academy October 3, 1889 
Dr Brewer was emeritus professor of 
surgerv at the College of Physicians and 
Surgeons from 1917 until the date of his 
death, having served that institution as 
assistant demonstrator in anatomy, 1892- 
1900, instructor in surgery 1900-1903, pro- 
fessor of clinical surgerv, 1903-1914, and 
professor of surgerv, 1914-1917 He was con- 
sulting surgeon to the Roosevelt, Citv, 
V Oman’s and Presbvtenan Hospitals of New 
York Citv , Christ Hospital at Jersev Citv, 
Perth Ambov Hospital at Perth Ambov and 
Muhlenberg Hospital at Plainfield, New 
Tersev 


Dr Brewer was a Fellow of the American 
College of Surgeons, and the Royal College 
of Surgeons (Ireland), a member of the 
American Surgical Association and its presi- 
dent in 1919, the New York Surgical Soci- 
ety , the American Society of Gemto-Urinary 
Surgeons, the Society of Clinical Surgerv 
and its president, 1901-04, Socidtd Interna- 
tionale de Chirurgie, Socidte Internationale 
d’Urologie, the American Medical Associa- 
tion and the New York County and State 
Medical Societies 

In 1917, Dr Brewer went to France to 
direct Base Hospital No 2 which relieved 
General Hospital No 1 of the British Ex- 
peditionary Force at Etretat He was pro- 
moted to the rank of chief surgeon of the 
42nd Division and consultant m surgery to 
the First Corps, First Army of the Amer- 
ican Expeditionary Force and later pro- 
moted to the rank of colonel 

Dr Brewer was the author of a “Text 
Book on Surgerv,” and “Surgical Diag- 
nosis,” and manv articles on anatomical and 
surgical conditions 

Lewis, Robert to East 64 Street, New York 
Citv, born in New York Citv, March 8, 
1862, died in New York Citv, December 20, 
1939, graduated in medicine from the Col- 
lege of Plnsicians and Surgeons in 1885, 
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elected a Fellow of the Vcadcim May 6, 
1697, seryed is Churinin of the Section of 
Otology in 1910, and design ited i Fellow 
in Otolnn ngologj m 1933 

Dr Lewis was clinical professoi emeritus 
of otolaryngology at the College of Pliy sl- 
ums and burgeons, Columbia Lniyersity, 
from July 1939 until lus death, li mng sened 
that institution as instructor in otology, 
1690-1908, piofessoi of clinical otology, 
190S-1916, piofessor of clinic ll laryngology 
and otology, 191G-1929, professor of clinical 
otolaryngology, 1929-193S, md clinical pio- 
fessoi of otol iryngology, 1938-1939 From 
1901 until 1926, he was suigcon to the nurd 
depiitnient of the Neyy "ioik Eye and Eai 
Infumaiy, and in 192S he was elected con- 
sulting surgeon He yy as also consulting oto- 
1 iry ngologist to the Neyy loik Society' for 
Relief of the Ruptured and Crippled, Flush- 
ing, St Francis and Sea Vieyy Hospitals 
Di Leyyis yyns a diplonute of the Ameri- 
can Board of Otolaryngology , a Fellow of 
the American College of Suigcons and a 
member of its Board of Goyernors, 1921- 
1925 a mcmbei of the Neyy York Otological 
Society and its president, 1911-1913, i mbm- 
ber of the American Otological Society and 
its president in 1920, a membei of the 


American Rhmologicd, Laryngological ami 
Otologic il Society anil its ucc-nrcsidcnt in 
1919, a member of the Vmcricin Medic il 
Association md the Aeu lork County arid 
St ite Medical Societies, md an alumnus of 
the Federation of Columbia Lniyersity and 
its \ ice-president in 1919 

Di Lewis contributed tieitises on oto- 
logical topics to “Refeience II mdbook of 
Medic il Sciences,” to “Ihc American Pr te- 
hee of Surge]}” and to medical |onrnals 

Mi mu lsoj*, AVai.ti'k 639 Church Lane, 
Germantown, Philadelphia, Pennsylvania, 
born m Germantoyyn, April 9, 1857, died 
in Germintown, January 18, 1910, gradu- 
ated m medicine from the College of 
Physicians and Surgeons, Columbia Uni- 
ycrsity, in 1879, elected a Fellow of lhe 
Academy June 5, 188f 
Di Mendelson "ns a member of the 
Boird of 1 1 ustees of Columbia Unncrsity, 
1913-1918, and seryed as Chairman of the 
Board of trustees of the College of Physi- 
cians and Surgeons in 1923 He was pres- 
ident of the Alumni Association of the 
College of Physicians and Surgeons, 1910- 
1919, and was aw aided lhe Alumni Mcdil 
of Colmnhi i Lniyersity, in 1933 
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CHEMOTHERAPY WITH THE SULFONAMIDE 
DERIVATIVES GENERAL PRINCIPLES* 

Frvncis G Blucc 

Sterlinp Trofes or of Medicine, 1 nle Utmcr^itj Sc! ool of Medicine 



jjj S ' E 5252 SSSSS; ^OLLO\\ ing the introduction of the sulfonamide group of 
drugs as bacterial chemotherapeutic agents and their first 
reported clinical application by Foerster 1 in 1933, the use 
of these compounds in the treatment of infections in man 
ef2sasas?is2sas^ very soon became so apparently successful that they were 
already ■widely used clinically before much was known concerning the 
scope and nature of their chemotherapeutic properties m experimental 
infections in animals, their mechanism of action, their toxicity, and the 
principles go\ erning their absorption, distribution, conjugation and ex- 
cretion Numerous compounds appeared in rapid succession under a 
variety of confusing names with conflicting claims concerning then: 
relative merits in this or that type of infection Gradually, however, 
careful laboratory 1m cstigations began to parallel and influence clinical 
application, until latterly they have begun quite properly to precede the 
introduction of new compounds, prepared v ith the purpose of extend- 
ing the usefulness of the sulfonamide denvatn cs m human disease 


* Presented January A, 1940 at the \nmnl Meeting of The New \ork \cadem> of Medicine 
From the Department of Internal Medicine, \ ale Um\crsit> School of Medicine 
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Since the intelligent use of these drugs must be based upon an ade- 
quate understanding of their scope and mode of action and their phaima- 
cological properties, it is my purpose m this general discussion to re\ ie\v 
the development of knowledge concerning these problems I shall en- 
deavor to point out their bearing on clinical therapeutics Of necessity 
I must limit myself to the high-lights since the time available w ill not 
permit me to fill in much in the way of detail 

The sulfonamide group of drugs center around para-ammo-benzene 
sulfonamide, first synthesized by Gelmo 2 in 1908 Though not the first 
compound introduced into chemotherapy, it has become the hub of the 
wheel and now bears the medical designation, sulfanilamide For the 
purposes of the present discussion its derivatives may be conveniently 
placed in two groups 

The first group, which includes the original prontosil used by 
Domagk, 3 consists of those derivatives in which substitutions hav e been 
made m the para-ammo group Of these the more important are the azo 
dyes prontosil (Mietzsch and Klarer, 4 1932, Domagk, 3 1935) and the 
more soluble neoprontosil (Domagk, 5 1935), and benzyl sulfanilamide 
(septazine, Goissedet et al,° 1936) 

The second group consists of those derivatives in which substitutions 
have been made m the sulfonamide group at the other end of the benzene 
ring leaving the para-amino group free Among these may be mentioned 
sulfanilyl sulfanilamide (Rosenthal et al, 7 1937) and its dimethyl deriva- 
tive (Domagk, 8 1937), diamino-diphenyl sulphone (Buttle et al, 1937), 
sulfapyridme (Whitby, 10 1938), and sulfathiazole (Fosbmder and Wal- 
ter, 11 1939) and its methyl derivative sulfamethylthiazole (Herrell and 
Brown, 12 1939) recently introduced and now being submitted to ex- 
perimental investigation m the laboratory and the clinic 

The reason for grouping the sulfonamide derivatives in this fashion, 
which will, perhaps, become more evident as I proceed, is because it 
would appear to bear at least some relation to breadth and effectiveness 

as well as mode of therapeutic action 

Comparative studies m experimental animals on the protective action 
of the sulfonamide group of drugs, and m vitro observations on their 
bacteriostatic and bactericidal properties, beginning with the original 
observations of Domagk 3 on the curative action of prontosil on /?-hemo- 
lytic streptococcal infection m mice down to the most recent observa- 
tions on sulfamethylthiazole 12 on staphylococcal infections have covered 
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a wide range of bacteria and viruses At first glance the results reported 
by various investigators often appear conflicting, no doubt in large part 
due to numerous variables w Inch inevitably occur in experiments of this 
kind before an acceptable, standard technique has been evolved 

In spite of these difficulties certain high-lights stand out, which may 
serve to bring some degree of order out of the apparent confusion, even 
though many points still remain at issue 

The first significant experimental observations were, of course, those 
of Domagk,' 1 n that the azo dyes, prontosil and ncoprontosil, though exert- 
ing no demonstrable bactericidal or bacteriostatic action m vitro, were 
nevertheless highly effective in vivo against virulent hemolytic strep- 
tococci, 100 per cent of treated mice surviving 10 mid for seven days 
m lus first recorded experiment These observations have been amply 
confirmed 1 ' 1 by numerous subsequent observers, though in general with- 
out quite such perfect results 

The second highly important contributions were those of the Trc- 
fouels 11 and their collaborators, who showed that sulfanilamide by itself 
without the a/o linkage was not only effective against hemolytic strep- 
tococcal infections in mice but also possessed active bacteriostatic prop- 
erties m viti o These observations provided the basis for the now widely 
accepted view that the azo dyes, prontosil and ncoprontosil, arc changed 
m the animal body and owe at least the major portion of their activity 
to the liberation of sulfanilamide, which is the active component, a i lew 
well supported by the studies of Colcbrook, Buttle and O’Meara, n 
Fuller, 10 and Long and his collaborators 17 

If this be correct, sulfanilamide weight for weight should be more 
effective as a chemotherapeutic agent than prontosil, ncoprontosil and 
benzyl-sulfanilamide, provided variations in absorption arc not so great 
as to render comparisons invalid Though the pitfalls in such comparisons 
arc numerous and there is not complete agreement, I believe it safe to 
state that the majority of workers have recorded experiments indicating 
that sulfanilamide, weight for weight, is at least equivalent to or superior 
to the prontosils and benzyl compounds, so far as chemotherapeutic ef- 
fectiveness against hemolytic streptococci is concerned Not only docs 
this appear to be so with hemolytic streptococci but also in the case of 
many other bacteria Among them may be included meningococci, pneu- 
mococci, staphylococci, Fricdlander’s bacillus and brucella 

If we turn now to the other group of compounds in which substitu- 



2 0 0 


THE BULLETIN 


tions m the sulfonamide group have been made, the picture appears quite 
different Here we find compounds w Inch are at least equivalent to, if 
not superior to, sulfanilamide m experimental streptococcal and menin- 
gococcal infections At the same time the scope of their effectiveness 
appears to be wider Conspicuous among these is sulfapyndine, the su- 
periority of which in pneumococcal infections is already well estab- 
lished Animal experiments, furthermore, suggest that it is more effective 
than sulfanilamide in staphylococcal 18 and Fnedlander’s bacillus 13 infec- 
tions Two newcomers, still in the stage of experimental investigation, 
are sulfathiazole and sulfamethylthiazole In preliminary studies by Mc- 
Kee, Rake, Greep and van Dyke , 19 sulfathiazole would appear at least 
equivalent to sulfapyndine, so far as hemolytic streptococci, pneumo- 
cocci, and meningococci are concerned, while sulfamethylthiazole may 
perhaps be even more effective in staphylococcal infections , 12 though 
further data are necessary to confirm this 

Although comparative experiments would appear to suggest that the 
differences in scope and effectiveness exhibited by these two groups of 
sulfonamide derivatives are largely quantitative, this cannot be accepted 
as proved at present because standard methods for comparative assay 
have not been used As emphasized by Marshall , 20 strains of organisms, 
size of inoculum, amount, spacing and method of dosage, duration of 
therapy and period of observation have varied so much from worker to 
worker that accurate quantitative comparison is impossible with active 
compounds having different ratios of absorption and excretion 

Whether the differences exhibited indicate actual qualitative differ- 
ences m specificity for different organisms is likewise impossible to 
answer with certainty at present The much greater effectiveness of 
sulfapyndine against the pneumococcus, for example, would suggest 
specificity, but since there is some evidence that it is also more effective 
against hemolytic streptococci , 10 ' 13 ’ 18 staphylococci 13,18 and Friedlander s 
bacilli , 13 this may be merely a quantitative difference 

The relative importance of the ammo group and the sulfonamide 
group m determining chemotherapeutic activity likewise cannot be 
stated dogmatically at present Active compounds, with rare and some- 
what dubious exceptions, either have a free ammo group in the para- 
position to the sulfonamide group or a substituted group (mtro group 
or azo linkage) which is readily changed to an ammo group in the ani- 
mal body Substitutions which do not permit change to an amino group, 
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e g , acetyl sulfanilamide, in general, appeal to be inactive 

Since, by definition the group of compounds under discussion con- 
tain sulfur in the sulfonamide group it is irrelevant to enter into a dis- 
cussion here as to whether sulfur is an essential component for chemo- 
therapeutic activity, though it may be remarked in passing that this is 
unlikely (Rosenthal, Bauer and Elvove 21 ) 

Whatever the ultimate solution of the foregoing problems may be, 
the clinical significance of these comparative in vivo and in viti 0 studies 
of the sulfonamide derivatives against various bacteria is obvious, since 
they point the way to the selection of the most effective drugs among 
the various compounds available Furthermore, they suggest at least 
that the road to further improvement in scope and effectiveness of action 
lies along the way of substitutions in the sulfonamide group 

It hardly need be pointed out, however, that other factors besides 
relative chemotherapeutic efficiency in mice and bacteriostatic activity 
in the test tube may of necessity modify the selection of the most suit- 
able drug for practical therapeutics in man, such factors as primary tox- 
lcity, absorbability, and human idiosyncrasy to untoward reactions, to 
mention a few 

For example, the experimental studies indicate clearly the supenority 
of sulfapyndme over sulfanilamide in pneumococcal infections, an ob- 
servation which has found ample confirmation in the clinic In hemo- 
lytic streptococcal infections on the other hand, the fact that sulfapyn- 
dine seems to possess some superiority in laboratory studies, would 
hardly justify at present the complete abandonment of sulfanilamide in 
favor of sulfapyndme, in view of the poorer absorbability, gi cater van- 
ability in acetylation and greater tendency to induce untoward leictions, 
such as nausea, vomiting and hematuria, exhibited by sulfapyndme In 
the end, of course, carefully controlled studies in patients, so well illus- 
trated by the studies of the last year on sulfapyndme in lobar pneumonia, 
must determine the issue in favor of this or that compound in any given 
infection 

It is now so well established by the work of numerous investigators 
that the therapeutic activity of the sulfonamide compounds is dependent 
upon their bacteriostatic action, rather than upon a capacity to stimu- 
late the defensive mechanisms of the host, that it seems hardly necessary 
m this discussion to marshal the evidence in support of this view Nor 
does it seem profitable to enter into a discussion of the several theones 
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concerning the mechanism by which bactenostasis is brought about, 
since none of them has as yet attained the position of final proof 

A few points with clinical implications, however, emerge from the 
w elter of w vitro and m vivo studies on mechanism of action which may 
be briefly touched upon 

The failure of the azo dyes to exhibit bacteriostatic action m vitro as 
contrasted with sulfanilamide and those derivatives m which substitution 
has been made m the sulfonamide group has already been mentioned 
and its implications pointed out 

In viti o experiments, principally on hemolytic streptococci but also 
on other bacteria, with concentrations of sulfanilamide equivalent to 
those attained in the blood of patients and with a suitably small initial 
inoculum, have commonly resulted after an initial lag period in variable 
degrees of bactenostasis without true bactericidal effect In the presence 
of whole blood, as contrasted with blood deprived of leukocytes, prompt 
killing of streptococci occurs Similarly a much greater bactenostatic 
action and frequently a bactericidal action in the presence of whole 
blood has been found in our laboratory by Dr Haury with sulfapyri- 
dine and staphylococci These observations have strongly suggested that 
cooperative activity on the part of phagocytic and perhaps other im- 
munity mechanisms of the host is important or essential m the final re- 
covery of patients being treated with the sulfonamide drugs Numerous 
animal experiments, among others those of Gay and Clark-- in strepto- 
coccal infection in rabbits and A'lenefee and Poston JiJ on brucella infec- 
tions in guinea pigs, strongly support this view When taken m conjunc- 
tion with the oft repeated observation, particularly in streptococcal and 
staphylococcal infections, that relapse of infection with ultimate death 
often occurs in a considerable proportion of experimental animals fol- 
low ing cessation of treatment, this fact assumes a position of significant 
importance in human therapeutics, particularly m those infections which 
do not naturally run a relatively brief, self-limited course to recovery 

To cite specific examples, facial erysipelas m adults in general runs 
a relatively short, self-limited course It responds dramatically to sulf- 
anilamide therapy and relapses are exceedingly rare even though therapy 
be discontinued relatively soon after the temperature has fallen to nor- 
mal By and large the same may be said to be true in lobar pneumonia 
treated w ith sulfapyndine, provided treatment is carried till the 7th to 
9th day from onset, at which time the immunity mechanism commonly 
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conies into operation Erysipelas of the new-born, on the other hand, 
usually runs a progressive course with generalization of the infection and 
ultimate death Likewise responding brilliantly to early treatment, re- 
lapse is apt to occur with early cessation of treatment 

Streptococcal sinusitis, mastoiditis and sepsis, gonococcal prostatitis 
and staphylococcal pyemia provide other examples in which initial 
response to chemotherapy may give a false sense of security, masking 
the fact that infection is still smoldering in local suppurative foci, ready 
to flare up when chemotherapy is discontinued, a problem ably discussed 
recently by Converse -14 in the case of otitic infections 

Obviously, the problem of combined chemo and serum < therapy 
versus chemotherapy alone in pneumococcal, meningococcal, and gas 
bacillus infections as well as others, is brought sharply into focus by the 
laboratory studies which indicate the cooperative role of immunity 
mechanisms in fortifying the chemotherapeutic action of the sulfona- 
mide dernatives, but lack of time and the sparsity of adequately con- 
trolled comparative studies m man induce me to pass it by without 
further discussion Nor shall I comment on the important observations 
of White and Parker’’ on the influence of temperature and those of 
Lockwood 20 on the influence of nutritional environment on the bacterio- 
static action of sulfanilamide, since their possible clinical significance is 
not ^ et clearly apparent, though the latter, as suggested by Lockwood, 
may have an important bearing on the tendency for bacteria to survive 
in walled off suppurative lesions unless these be surgically drained 
Pharmacological studies, conspicuously those of Marshall 20 and his 
collaborators, hat e likewise contributed much of value to the practical 
application of chemotherapy in man These studies have been concerned 
particularly with problems of toxicity, absorption, distribution in the 
body, conjugation to the inactive acetyl derivatives, and excretion They 
have had an especially useful bearing on problems of amount and 
spacing of dosage m relation to establishment and maintenance of ade- 
quate blood levels The development of Marshall’s method 27 for the 
quantitation of blood concentrations of total and free sulfonamide com- 
pounds has provided not only a useful guide to dosage but has made it 
possible to acquire information concerning the relation of blood levels 
to therapeutic effect and untoward reactions 111 patients under treatment 
Comparative observations on blood concentrations following a single 
dose per os of o 1 gm /Iv in dogs indicate a considerably more tapid 
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absorption of sulfanilamide than of sulfapyndme or sulfathiazole At 
the same time the percentage of administered drug recovered in the urine 
during the ensuing twenty-four hours indicates a much more complete 
absorption and a somewhat more rapid rate of diffusion and excretion 
for the former These observations find their counterpart in clinical 
observations showing the range of blood concentrations of sulfanila- 
mide 27 and sulfapyndme 28 and a few recent observations on sulfathia- 
zole 29 four hours after an initial dose pei os They indicate the greater 
urgency for an initial intravenous treatment with sulfapyndme than is 
the case with sulfanilamide m critically ill patients in whom it is desir- 
able to establish an adequate concentration in the blood and body fluids 
as rapidly as possible 

Furthermore, the more rapid rate of excretion in the case of sul- 
fanilamide suggests that treatment every four hours, day and night, is 
perhaps more essential for the maintenance of continuously adequate 
blood levels with this drug than may be the case with sulfapyndme At 
least it has been our expenence that treatment at six hour intervals with 
sulfapyndme will, m many instances, maintain an adequate blood level, 
once established, and even at eight to twelve hour intervals under paren- 
teral treatment 30 by hypodermoclysis or intravenously The problem is 
complicated in man, by so much individual variation from patient to 
patient that wider spacing of dosage with sulfapyndme than the custom- 
ary four hour interval cannot at present be advocated as a routine but 
should be resorted to only when the presence of the higher range of 
blood levels indicates that it is permissible m a particular individual 

Pharmacological observations on the conjugation of sulfanilamide 
in animals have shown so much species difference m the capacity to con- 
vert sulfanilamide to the inactive acetyl compound that it has been 
found necessary to study this problem in man Marshall" ‘ found that 
io to 20 per cent of the total sulfanilamide m the circulating blood was 
in the conjugated form and Stewart, Rourke and Allen 31 have shown 
that the ratio between free and acetyl sulfanilamide varies considerably 
from individual to individual In the case of sulfanilamide, however, the 
degree of acetylation in man and individual variation would not appear 
to be of sufficient magnitude to be of cluneal import and in practical 
therapeutics may be disregarded A few preliminary observations" in 
patients treated with sulfathiazole and sulfamethylthiazole suggest that 
the same may hold for these compounds, but more extensive studies are 



Chemotherapy With the Sulfonamide Derivatives 205 


necessary before the possible range of individual variation will be known 

With sulfapyridme, on the other hand, the picture is quite different 
The degree of acetylation may vary unpredictably over a wide range 
from patient to patient 30,32 Recognition of this fact is of great impor- 
tance in therapeutics if blood levels are to be used as a guide to amount 
and spacing of dosage, for a low or falling concentration of free sulfa- 
pyndine may be mistakenly regarded as an indication for increasing 
dosage when, in fact, the total concentration is rising with an increasing 
proportion of acetyl sulfapyridme present On more than one occasion 
I have seen this mistake made, to be followed by gross hematuria, colic, 
temporary anuria and azotemia 

I have used the phrase adequate blood concentration without speci- 
fying what that may be, and I must confess to some degree of uncer- 
tainty concerning this, an uncertainty which has arisen from the now 
well established and perhaps unexpected finding that many cases of 
pneumococcal lobar pneumonia respond as promptly and dramatically 
to sulfapyridme with blood levels of free sulfapyridme under 5 mg per 
cent as do those with higher levels 30 Quite early in the use of sulfanila- 
mide in hemolytic streptococcal infections, 10 mg per cent or there- 
abouts was somewhat arbitrarily advanced as a desirable and necessary 
blood concentration for satisfactory therapeutic results and there can be 
no doubt that experience has shown that blood concentrations at this 
level are effective Since adequate comparative data on the possible 
effectiveness of lower blood concentrations are not available, it is of no 
value to discuss the point, further than to suggest that it might be desir- 
able to reexamine this question m the light of the results with sulfapyn- 
dine in pneumococcal pneumonia 

I have purposely not touched upon the general problems of toxicity 
and untoward reactions since they are to be discussed by a subsequent 
speaker on this program If I have disappointed you by using the sub- 
junctive more than you would like, I can only say that it has seemed 
to me the part of wisdom to be neither too positive nor too dogmatic 
in our present state of fragmentary, though rapidly increasing knowl- 
edge concerning the general principles involved in chemotherapy with 
the sulfonamide derivatives That the future of chemotherapy will wit- 
ness advances equal to or more brilliant than those of the last few years, 
there seems little doubt 
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I Psa 5 HSZ 5 ZSHS^g ANY reports have appeared in the literature describing the 
a use of sulfapyridme in the treatment of pneumonia It 
JVL S is significant that all of these reports from the first one 
S by Evans and Gaisford have presented favorable evi- 
^E 5 £ 5252 £E 5 E 5 'a dence Already it is possible to assemble a series of cases, 
fully enough studied and of sufficient size so that from it some rather 
definite conclusions on the efficacy of the drug may be obtained The 
gross mortality rate of lobar pneumonia varies greatly from year to 
year, even in the same locality or m the same institution However, 
when similar age groups are included, it is safe to compare the results 
of treatment m different series of the same type, and it is even more 
reliable when the comparison is between bacteriemic or non-bacteriemic 
cases of a particular type 

The striking reduction m mortality rates in the more common types 
of pneumoma offers the most convincing evidence of the value of sulf- 
apyndme In order to make an analysis by types, it is possible to 
collect from the literature 966 cases of pneumococcus pneumonia in 
adults, in this geographical area, treated with sulfapyridme A small 
percentage of these patients received anti-pneumococcus serum also, 
but it is impossible to separate these from the rest of the group For 
comparison we are fortunate m having available the very large series 
of cases collected by Heffron m which he has attempted to establish the 
fatality rates for lobar pneumoma and for the different types in the 
United States and Canada 

Type I pneumonia, m Heffron’s series of 2,3 14 cases without specific 
therapy, had a mortality rate of 29 o per cent During the past year, 
in the United States and Canada 193 cases of type I infection treated 
with sulfapyridme have been reported Twelve deaths occurred, giving 
a fatality rate of 6 2 per cent Heffron’s series includes 351 cases of 

* Presented Januarj 4, 1940 at the Annual Meeting of The New York Acndem> of Medicine 
I rora the Department of Medicine, Cornell University Medical College , 

This investigation has been conducted under a grant of the Josiah Macy Jr 1 ounoation 
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type I pneumonia with bacteriemia, and in this group the mortality rate 
was 58 1 per cent Contrast this figure with one of 13 9 per cent in 
forty-three bactenemic type I cases treated with sulfapyndme 

The results obtained in type II and type III pneumonias are even 
more impressive because these diseases never showed the marked re- 
sponse to specific serum that has been demonstrated in type I and m 
some of the higher types There have been sixty-three patients with 
type II infection treated with sulfapyndme with foul deaths, a mor- 
tality of 6 3 per cent Only seven of these patients showed positive blood 
cultures, and of these two died Heffron shows mortality rates of 36 6 
per cent m untreated type II pneumonia, and 74 per cent for bactenemic 
type II A recent communication from Anderson and his associates in 
Glasgow on seventy cases of type II pneumonia treated with sulfapy- 
ndme shows a death rate of 8 o per cent Twenty-five of the seventy 
cases, or 36 per cent, also had bacteriemia, and of these 16 per cent 
died Type III, the most dreaded of the types, in Heffron’s cases shows 
a fatality rate of 46 o per cent in the gross series, and 86 i per cent in 
the bactenemic group In the sulfapyndme series, there are 156 type 
III pneumonias with a mortality of 1 5 4 per cent, and m this group 
eighteen had bacteriemia, and 389 per cent died 

The total series of 966 pneumococcus pneumonias m adults treated 
with sulfapyndme shows a mortality rate of 8 5 per cent as compared 
with 32 8 per cent in some nineteen thousand similar cases without 
specific treatment analyzed by Heffron One hundred and twenty bac- 
tenemic cases including all types gave a mortality percentage of 26 7 
to be contrasted with 61 8, Heffron’s calculated figure 

The clinical response to sulfapyndme is almost as remarkable as the 
reduction in mortality rate With almost constant regularity the tem- 
perature drops to normal within 24 to 36 hours after therapy is insti- 
tuted The pulse becomes slower and less bounding, the respiration 
slower and more normal At this stage, the patient no longer seems 
critically ill, but does remain toxic and uncomfortable The color is 
poor, he is restless and quite often delirious He may continue to com- 
plain of headache, usually has marked anorexia and frequently nausea 
To be sure, some of these symptoms are toxic manifestations of the 
drug The physical signs of pneumonia may continue to develop or 
may be abruptly aborted 

The most striking feature of the response is the consistency with 
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\\ Inch the blood cultures in bactenemic cases become negative follow- 
ing sulfapyridine This usually occurs even in cases of overwhelming 
blood stream infection In our New York and Bellevue Hospital series, 
only four out of sixty bactenemic cases had positive blood cultures 
following the institution of sulfapyridine therapy One of these had a 
definite endocarditis and another a meningitis and suspected endocar- 
ditis The most miraculous recoveries following sulfapyridine are those 
that have occurred in the bactenemic cases with high colony counts 
Two of our type V pneumonias recovered, both late cases, with blood- 
culture plates showing innumerable colonies (over i ,000 per cc ) 
One of these patients had sulfapyridine and serum and the other had 
sulfapyridine alone A type III patient with 250 organisms per cc in 
the blood recovered from his pneumonia, although he died many months 
later following surgical treatment of a lung abscess Graham and his 
associates m Toronto described a type III pneumonia with 450 organ- 
isms per cc that promptly recovered after sulfapyridine alone In 
pneumococcus bacteriemia, it must be admitted that specific serum, even 
type I, has not shown the dramatic result produced by sulfapyridine 
The effect of sulfapyridine on the incidence and the course of other 
complications of pneumonia cannot yet be ascertained However, a few 
significant observations have already been recorded Pneumococcus 
meningitis complicating pneumonia, hitherto almost universally fatal, 
has been found to respond to sulfapyridine or similar drugs in a few 
cases Hodes and lus associates have reported one such recovery Endo- 
carditis, fortunately a rare complication, occurred only once in our 
sulfapyridine series The blood could not be kept sterile in this case, 
even when high blood levels were obtained, and the patient died having 
developed meningitis also Empyema has been encountered a number 
of times, but whether its incidence or course is significantly affected 
by sulfapyridine remains a moot question The fact that the prognosis 
in empyema is so much more serious when it occurs during the height 
of the pneumonia when the more generalized pneumococcus infection 
is still active, and that these active infections are so definitely aided by 
the drug, v ould indicate that empyema as a whole would be benefited 
by this treatment Furthermore, the mortality rate in our own and the 
reported cases of empyema is unusually low, but the series is not large 
enough to give significance to conclusions that might be drawn from it 
Secondary infections have been recognized more frequently since 
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we ha\e been using chemotherapy For example, a patient with type 
III pneumonia and bacteriemia, later showed Streptococcus vindans and 
then staphylococcus m the blood, but he eventually recovered In sev- 
eral cases of pleural effusion following pneumonia, Streptococcus viri- 
dans has been cultured from the fluid Lung abscess, which is probably 
a secondary infection, has been encountered several times It is quite 
likely that m the future we will see sequelae of pneumonia and pneu- 
mococcus bacteriemia that we have not seen in the past— the sequelae 
that v ill occur in that group of patients who formerly would have died 
Furthermore, there is the supposition that in individuals of a high bac- 
terial susceptibility, while we arrest the primary pneumococcus infec- 
tion, Me do not control the secondary invaders 

Certain of the atypical pneumonias, which m the past have been 
so difficult to treat, have responded dramatically to sulfapyndine 
therapy A particular highlight in our experience of the past year has 
been that of observing the response in some of the most unfavorable 
cases of pneumonia complicating heart disease and occurring m elderly 
individuals We have had striking recoveries in pneumonias complicat- 
ing bronchiectasis and asthmatic bronchitis and emphysema Recently, 
Hinshaw reported enthusiastically on the treatment of postoperative 
pneumonia at the Mayo Clinic with sulfapyridme A number of articles 
have appeared on the chemotherapy of childhood pneumonia, indicat- 
ing a lower mortality, fewer complications, and a more prompt recovery 
Undoubtedly, there are forms of acute pneumonia that do not 
respond to sulfapyridme The group of atypical pneumonias, variously 
designated as virus pneumonias or atypical pneumonitis can probably 
best be diagnosed by a failure to respond to sulfapyridme or related 
drugs In our very limited experience, the course of tuberculous pneu- 
monia or tuberculous pleurisy with effusion is not altered by sulfapy- 
ridme It does, however, have a wide scope of action m the common 
pyogenic infections, and among the different types of pneumococcus 
there seems to be no variation in effect On the other hand, occasionally 
a strain of pneumococcus, regardless of type, may be found to be sulf- 
apyridme resistant Up to the present time, sulfapyridme-fastness has 
been demonstrated clinically infrequently, and most of the deaths have 
occurred in instances of serious systemic disorder, inadequate therapy, 
or overwhelming infection at the start of treatment 

The dosage of sulfapyridme remains empiric No definite correla- 
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tion between the dosage or the blood level of sulfapyridine and the 
clinical response has been ascertained Some of the most prompt recov- 
eries have occurred with a small total dosage and with low blood level 
readings At Bellevue Hospital we are continuing to use the dosage 
recommended by Evans and Gaisford in them original article, i e , 2 
gm as an initial dose, followed by 1 gm every four hours Sixteen 
grams suffice for most of the uncomplicated cases Some investigators 
have used a higher initial dose and some have given a much larger total 
amount Our impression is that the response is no better with the larger 
dosage, and the patients seem to tolerate the drug more satisfactorily 
when the blood level is increased less abruptly Furthermore, the im- 
pression is obtained from going over reports, that the incidence of the 
serious toxic reactions is higher in the series treated with the larger 
dosage 
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Chart I Tins is the tempeiature curve 
of a CO year old female patient admitted to 
New York Hospital on the sixth day of 
her illness She had had fever, cough, and 
rustv sputum for G days and had been 
moderately jaundiced for 2 days The phy- 
sical signs and x-ray film showed consoli- 
dation of both upper lobes and resolving 
pneumonia of the right lower lobe The 
jaundice was considered to be secondary to 
the acute pneumonia The sputum yielded 
tvpe VII pneumococci Because of the 
acuteness and the extent of the pulmonary 
disease, in spite of the paundice, sulfa- 
pvridine was instituted in the usual dosage 
sliortlv after admission On the day follow- 
ing admission the blood culture was found 
to be positive Sulfapyridine was continued 
untd a total of 24 gm had been adminis- 
tered During this time, the temperature 
dropped, the blood culture became negative, 
and the jaundice subsided The clinical 
improvement was steadv, although the 
temperature remained low-grade and the 
white count elevated for several days 
Recoverv was linallv complete Cholecvsto- 
grams made during convalescence, proved 
to be normal 


Chart II This shows the chart of a 41 
vear old man, who had cnrhosis of the 
liver and acute Fnedlander’s bacillus pneu- 
monia of the right upper lobe and part 
of the right lower lobe He was given 2 
gm of sulfapvridine shortly after admis- 
sion, and then 1 gm every 4 hours for 9 
days, then 0 5 gm every 4 hours for 8 
davs A total of 58 5 gm was administered 
The admission blood culture was netrative, 
but the blood cultures on the second and 
fifth davs grew type B, Fnedl mder's bacil- 
li Later blood cultures were negative Sulf- 
apyridine was given in the face of known 
liver disease and severe icterus There was 
it first an increase and then a cleiring of 
the icterus, but there was no other evidence 
of aggravation of the liver condition Dur- 
ing the first seven davs of sulfapvridine 
therapy% the white blood cells increased from 
4,200 to 24,000, but the hemoglobin dropped 
from 82 to 60 per cent This patient has 
recovered from the acute pneumonia, but 
has developed a chronic Fried! inder’s bacil- 
lus abscess of the lung On postur ll drain- 
age, the abscess has reduced greatlv in size, 
and at the present time we feel that the 
ultimate prognosis is quite good 
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Sulfapyridine has been administered by mouth m most of our cases 
Attempts to give the drug by rectum have failed because the absorption 
is either very small or absent entirely Blake and Haviland have dis- 
solved 2 gm of sulfapyridine in i liter of 5 per cent dextrose in salme 
solution by heating the preparation nearly to boiling, and ha\e used 
this intravenously or by hypodermoclysis Following Blake’s method, 
the chemists at the Lederle Laboratories have been able to prepare for 
us a solution of 10 per cent sulfapyridine in 50 per cent glucose This 
we have given intravenously, orally, and rectally without any reactions 
other than would be expected from a given concentration of sulfa- 
pyridine in the blood However, when given rectally, similar to sulfa- 
pyridine, there is very slight absorption When given intravenously, 
the free sulfapyridine blood content rises immediately to a level of 
about 2 mg per cent (when 2 gm is given), and falls within an hour 
to an almost negligible concentration When given orally, blood levels 
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Chart III This show s the chart of a 46 year 
old man, admitted to New X ork Hospital a 
few hours after the onset of acute respira- 
ton svmptoins with bloody sputum Physi- 
cal examination and x-rav re\ealed pneu- 
monia of the right lower lobe Hie sputum 
showed t\pe III pneumococci The blood 
culture taken on admission was sterile Ihe 
urine analysis on admission was normal 
Sulfapyridine was started shortly after ad- 
mission with 2 gm is the initial dose and 
then 1 gm every four hours Ihe tempera- 
ture dropped rapidly and the respirator} 
symptoms subsided prompth On the second 
day after admission, after 11 gm of sulfa- 
p}ridine had been administered, there was 
sudden pain in the left side of the abdomen 
and m the left flank The urine was found 
to be grosslv bloodv Sulfapyridine was dis- 
continued On the next da\ an intrav enous 
pvelogram showed a negatne stone in the 
left kidney Two da as later, cystoscopy re- 
\ealcd numerous small concretions on the 
floor of the bladder and at the ureter il ori- 
fice 'Ihe hematuria and pain subsided in 
three days Later pyelograms and kidnev 
studies were negative 


Chart IV 1 his is the chart of a 62 }cai 
old man admitted to New York Hospital on 
the seventh da} of acute symptoms of fever, 
pain m the right chest, and cough Ihe 
sputum showed tape V pneumococcus Ihe 
plnsicnl and x-rav findings were those of 
lobar pneumonia of the right upper lobe mil 
the upper part of the right lower lobe 
Sulfapv mhne was started on admission 
'Hie following d i\ when the blood culture, 
taken on admission, showed o\er 2,000 or- 
ganisms per cc , serum was administered m 
large amounts, to a total of 390,000 units 
liiere was marked clinical improvement for 
se\eral da}s, but then the temperature rose 
moderateh, although sulfapyridine was con- 
tinued until the eighth day after admission 
On the ninth day einp\ema was diagnosed 
I lie fluid rev ealed t\pe N pneumococci I hrre 
thoracenteses were done and on the twentieth 
da\ after admission a closed tube drain lgc 
w ts instituted, following which the convalcs- 
cence w is rapid and uneventful 'I Ins shows 
the recoven of a patient treated late in the 
disease when an overwhelming bacterienna 
was present Such a recovery heretofore m 
our experience hid never been observed 



Chart III 



Chai-t IV 


2 I 6 


THE BULLETIN 


similar to those obtained by giving pure sulfapyndine by the same 
route, are procured, but the curve rises more slowly, reaching its peak 
in 24 hours instead of 12 hours In fifty patients who have been treated 
with the glucose and sulfapyndine by mouth, using the usual dosage 
of 2 gm initially and then 1 gm every 4 hours, it is our impression 
that the same clinical response has occurred with considerably less 
nausea and vomiting This finding confirms again our impression that 
the drug is tolerated better when the level of the blood rises more slowly 

Sodium sulfapyndine has been used intravenously in a few cases 
when absorption of sulfapyndine from the gastrointestinal tract has been 
unsatisfactory or when prompt action of the drug has been imperative 
Our findings have been in agreement with those reported by Marshall 
and Long Also, m a few cases we have confirmed the results reported 
by Gaisford, Evans, and Whitelaw following the administration of 
sodium sulfapyndine intramuscularly Even though sodium sulfapy- 
ndine solution is highly alkaline, when given carefully into the deep 
intramuscular tissue there is only a slight local reaction and the absorp- 
tion is satisfactory This mode of treatment, however, is not to be 
recommended when sulfapyndine can be given by mouth We have 
had very little experience m the use of the sodium salt by rectum, but 
there is mention in the literature that it is regularly absorbed and well 
tolerated when given this way 

In conclusion, I cannot refrain from making a few remarks regard- 
ing the present status of serum in the treatment of pneumonia It has 
been shown over and over again that specific serum has value m pneu- 
monia On the other hand, there are recoveries after sulfapyndine that 
we would not expect after serum It is fair to assume that there are 
some lives that serum will save which sulfapyndine will not The exact 
sphere of each of these two agents has not yet been ascertained Whether 
a combination of sulfapyndine and serum is a more efficient and more 
reliable treatment than sulfapyndine alone is an immediate problem for 
clinical investigation It seems inevitable that some chemicals will be 
discovered which are even more effective against disease than sulfa- 
pyndine Charts of four interesting cases are herewith presented 
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is axiomatic of pharmacology that drugs are poisons and 
that the ultimate effect of the reagents is upon the cells 
of the body Under controlled conditions, the stimula- 
tion or modification of cellular activity may be turned to 
great advantage m abnormal conditions of sickness In 
infections this type of problem is particularly unique since the bacterial 
cells need to be destroyed but the cells making up bodily structure need 
to escape destruction One of the reasons for the limited success of the 
chemotherapy of bacterial infections has formerly rested upon the fact 
that the so-called antiseptics were no respectors nor selectors of cells, 
with the result that the cells of the body were destroyed along with the 
bacterial cells Even the relatively more successful lands of reagents such 
as those with a mercurial base act through combination with the proto- 
plasmic protein of the cellular structure These chemicals are, therefore, 
m a sense, anatomical poisons in that they alter constituents of anatom- 
ical structure Consequently, since protems constitute such a large per- 
centage of bodily structure, the quantitative extent of union between the 
types of bactericidal agents, just mentioned, and bacterial protoplasm 
could not be very effectual m competition with the enormous excess of 
body protoplasmic protein available for combination with the mercurial 
compounds 

Without entering into a consideration of the mechanism of the 
action of reagents of the sulfonamide series it seems highly likely that 
the effect is through destruction or impairment of some physiological 
activity of bacteria which is necessary for viability or virulence Since, 
therefore, types of cells have individual physiological processes, irre- 
spective of whether they be bacterial or part of the body mosaic, it 
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appears that with the sulfonamide group of drugs an instrument is at 
hand u hich has selective possibilities In combating infections the phys- 
iological poisons hold great promise as compared to the anatomical 
poisons The sulfonamide drugs are, however, short of being absolutely 
ideal because patients receiving the drugs are subject to certain toxic 
manifestations, although remarkably— and in many instances dramatic- 
ally— aided m overcoming the infection 

The rate of accumulation of literature in such an important subject 
is so considerable that data collected at one time are liable to be out of 
date \\ lthm a very short period For example, the earliest few articles on 
the treatment of pneumonia with sulfapyndine gave no special consid- 
eration to hematuria We have now come to learn that this is a toxic 
manifestation of possibly greatest importance Conversely, matters of 
particular early interest, such as effects on hydrogen ion equilibrium and 
even cyanosis, appear now to be looked upon less seriously It is appar- 
ent, therefore, that an attempt at a statistical analysis of the frequency 
of the several toxic effects would at this time be premature Indeed to 
attempt to list all the different kinds of reactions is unsatisfactory be- 
cause, in addition to variations in published reports, innumerable indi- 
vidual personal experiences of physicians have not yet been consolidated 
into uniform findings 

I should like, therefore, to review the general order of magnitude, 
based on current information, of certain selected toxic effects, to com- 
ment on the mechanisms m so far as they are known, and to point out 
certain individual findings which have not yet received widespread 
attention but which warrant further inquiry and observation, because 
of the practical clinical questions which they provoke 

Among the drugs containing the sulfonamide configuration there 
appear to be certain toxic manifestations which are a denominator com- 
mon to all of them that have been tried up to the present time, and, m 
addition, there are particular manifestations peculiar to the individual 
compounds It has always been an interesting fact that the pharma- 
cological action of drugs cannot be regularly predicted on the basis of 
chemical structure With the increasing number of sulfonamide deriva- 
tn es which are constantly being presented for clinical use, it becomes 
necessary to look for individual and unsuspected toxic manifestations 
as \\ ell as the ones already recognized 

The actions of sulfapyndine will be the chief subject for this dis- 
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cussion "with appropriate reference to sulfanilamide Without itemizing 
all the untoward reactions, the striking toxic effects which I should like 
to consider, center around the central nervous system, the hemato- 
poietic system, and the urinary tract 

Central Nervous System 

Mental disturbances have been noted frequently but have usually 
been mild in degree, taking the form of confusion, restlessness, dizziness, 
irritability or lassitude, and, in some instances, hallucinations The de- 
gree and nature of the psychic disorders are not always easily measured 
because severe acute infections themselves may contribute an element 
of delirium So far as I am aware no refractory psychiatric sequelae have 
persisted after cessation of the drug The condition constitutes a tran- 
sient disorder, disappearing when the drug has been eliminated but not 
yet referable to any arbitrary blood concentration above or below which 
mental symptoms appear or disappear Fortunately there seems to be no 
definite summation of mental symptoms referable to disease plus drug 
Hou e\ er, within the realm of cerebration some interesting experimental 
findings have been recorded concerning the combined effect of the 
sulfonamides and certain other drugs Of possible clinical importance 
are the results reported by Adnani 1 concerning the combined effect of 
sulfanilamide and some of the anesthetic drugs The anesthetic action of 
ether and chloroform was found to be the same m normal animals and 
in those receiving sulfanilamide However, when an amount of barbitu- 
rates— such as amytal, nembutal and others— necessary to induce anes- 
thesia was administered to rats, if the animals were receiving sulfanila- 
mide, they died, whereas normal controls emerged from the anesthetic 
state unharmed Furthermore, an amount of barbiturates which induced 
only subanesthetic states in normal rats, caused deep anesthesia and m 
some instances death in animals receiving sulfanilamide The implications 
of these findings concerning the selection of the type of anesthetic in 
surgical patients receiving sulfanilamide are obvious The question might 
also be raised concerning the advisability of administering barbiturates 
for sedative or soporific purposes, although the dosage may be too small 
to gne results comparable to those found m experimental tests with 
anesthetic doses of barbiturates Glaubach 2 has reported that the sedatn e 
and anesthetic effects of papaverine are augmented by sulfapyridine 
When an amount of papaverine, which in normal animals produced a 
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transient narcotic effect, was given to other animals receiving sulfa- 
pyridine deep narcosis resulted and some of the animals died 

These findings indicate that the transient psychic reactions noted 
clinically, although not serious when taken alone, may have a deeper 
significance when other drugs affecting the higher centers are given 
simultaneously 

Nausea and Vomiting 

With sulfapyndme therapy, nausea and vomiting are by far the 
commonest toxic effects In this respect sulfapyndme differs strikingly 
from sulfanilamide, and this difference illustrates the unpredictableness 
of pharmacological effect when chemical structure is altered, although 
the sulfonamide grouping remains present in both drugs The incidence 
of nausea and vomiting, or both, has been noted by observers in fre- 
quencies which usually average over 50 per cent The nauseous and 
emetic action is currently believed to be of central origin, the chief 
factor favoring this interpretation being the fact that the symptoms may 
arise following parenteral administration of sulfapyndme However, 
there appears to be no critical level of blood concentration at which 
nausea is induced Furthermore many patients have no difficulty with 
mal-de-mei even though the blood concentration is unusually high, and 
still other patients begin the upset within an hour or two of beginning 
treatment It is apparent that there is an individual personal element 
which is unrelated to an arbitrary physiological reflex set off by a quan- 
titative level of drug One interesting fact noted by several observers is 
that the vomiting, if not extreme m degree, may not seriously interfere 
with the effectiveness of the remedy nor indeed the blood level If the 
intact tablets are not ejected very quickly after ingestion, it is surprising 
how frequently the curative effect and blood concentration are com- 
parable to results noted in patients who do not vomit 

As with the other untoward reactions so far mentioned, no serious 
results or persistent after-effects of the emetic action have been noted 
with the exception of those referable to disarrangement of fluids and 
electrolytes due to vomiting— conditions v hich are amenable to adjust- 
ment by parenteral replacement — and of those referable to the strain on 
abdominal wounds and surgical incisions in postoperative pneumonia 

In connecuon with problems in sulfonamide therapy which are of 
special interest to surgeons, the report of Bncker and Evarts Graham 
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may be of interest Using dogs m an experimental study they found that 
the tensile strength of a recent incision m the wall of the stomach was 
less m dogs which were receiving sulfanilamide than m normal animals 
They noted that this tensile strength of the wound m sulfanilamide 
treated animals was weakest very early after the repair process began 
and that the difference between normal and treated animals was less 
significant the longer after the operation the tests were made These 
findings suggest that fibroblasts may be particularly susceptible to im- 
pairment by sulfonamides, an untoward reaction which might occur m 
some other types of embryonal cells, as m the immature cells of the bone 
marrow 


Hematopoietic System 

Of more importance than the transient and almost uniformly harm- 
less toxic manifestation just mentioned, is the damaging effect upon the 
blood cells and blood-cell-fornnng organs This occurrence may assume 
serious proportions and constitutes the chief cause of fatality following 
sulfonamide therapy Among the published reports of cases treated with 
sulfapyndmc, six deaths have been directly attributable to the action of 
the drug on the blood-forming organs With sulfanilamide there are a 
somewhat larger number of reported fatalities However, m either case, 
the numbers are very small m proportion to total number of treatments 
Non-fatal cases with alterations m blood cells have also been observed 
of mild, moderate and severe degrees The granulocytes rather than the 
lymphocytes suffer the greatest damage In the fatal cases, the white 
blood-cell-forming marrow suffers from a damage which is irreversible 
even though administration of the drug is stopped When a drop in the 
number of white blood cells sets in, there is at present no way of deter- 
mining whether the granulocytopenic effect will cease when therapy is 
stopped or will proceed to a fatal outcome 

We have had the opportunity to observe in a few instances unusually 
transient effect of the drugs on white blood cells One instance will 
illustrate the point The patient had gonococcal arthritis and was treated 
with sulfanilamide She developed some toxic manifestations and the 
drug was stopped At a later date when conditions had reached normal 
equilibrium, she was given a gram of sulfanilamide and blood counts 
were done at two-hourly intervals for most of the ensuing twenty-four 
hours Her count steadily rose for about fifteen hours until it doubled 
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itself, then dropped quickly again so that by twenty -four hours it was 
at the same level as at the beginning In this case daily determinations of 
the number of white blood cells after the single dose would have failed 
to reveal the episode of transient irritation Findings such as this also 
suggest that minimal effects may occur more frequently than is ordi- 
narily suspected 

The question of individual idiosyncrasy which this patient also 
illustrated is an interesting one The frequency with which the same 
individual responds with the same toxic reaction has not been settled 
That it occurs in some instances is clear The question may also be posed 
but not answered, whether individuals who react unfavorably to sulfon- 
amides may have a broad idiosyncrasy to drugs such as amidopyrine 
and others 

When the red blood-cell system is chiefly affected the manifestations 
appear as an acute hemolytic anemia, or as a secondary anemia w Inch 
develops with varying degrees of rapidity and severity The acute hemo- 
lytic phenomenon is characterized by destruction of half or e\ en more 
of the circulating red blood cells within a day or two Irritation of v lute 
blood-cell-forming organs accompanies the event and is manifested by 
an unusually high leukocytosis The hemolytic crisis appears to occur 
somewhat less frequently with sulfapyndme than with sulfanilamide 

In addition to the acute incident, secondary anemias, which gradu- 
ally develop over days or weeks, have been noted, in which red blood 
cells and hemoglobin may drop to varying levels as low as half of nor- 
mal only to return uneventfully to normal following cessation of die 
drug 

On the basis of the present limited knowledge, the findings suggest 
that the toxic effect on the white blood cells is most frequently reflected 
by damage exerted at the source, namely the bone marrow, where imma- 
ture early forms of cells are present, xvhereas with red blood cells the 
mature circulating forms are particularly vulnerable to destruction 

Urinary Tract 

Perhaps the most significant effect of sulfapyndme, which is not 
shared to the same degree by sulfanilamide, concerns the toxicity mani- 
fested by abnormalities m the urinary tract Clinically, these are hema- 
turia, calculus formation and nephntis 

The rapidity of the renal excretion of sulfanilamide and sulfapyn- 
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dine is one of the striking characteristics of the drugs The mode of 
excretion is also of interest Marshall and associates' 4 have found that 
they are eliminated by glomerular filtration and that reabsorption to the 
extent of So per cent occurs in the tubules, a procedure similar to that 
by which urea is handled m the kidney This indicates that the tissues 
of the glomeruli and the tubules are exposed to whatever effects the 
drugs may exert while transferring either from blood to lumen of the 
tubules or from lumen back to blood 

It has also been made clear that sulfanilamide and to a greater extent 
sulfapyndine undergo chemical alterations in the body, one of which is 
acetylation This particular change in chemical constitution results in a 
compound which is poorly soluble and therefore crystallizes readily out 
of solution It appears, therefore, that the crystalline form is the source 
of the damage The crystals in all probability scratch the lining of the 
tubules, pelvis and ureters as they progress down the urinary tract The 
hematuria is therefore in the nature of mechanical trauma rather than a 
chemically poisonous effect on the renal cells When the crystals of 
acetylated compounds accumulate m sufficient numbers, a calculus is 
formed, which in itself may reach a size sufficiently large to give all the 
signs and symptoms of renal colic Finally nephritis with nitrogen reten- 
tion and renal insufficiency appears also to be based on this mechanical 
circumstance, with dilated pelvis, damming back of urine, enlargement 
of kidney and renal insufficiency The matter may be further compli- 
cated by the fact that above the point of stasis infection may be intro- 
duced with pyelitis and pyelonephritis developing Whether or not 
primary acute glomerular or tubular nephritis occurs, which is depend- 
ent upon damage exerted by the drug in its passage from blood to lumen 
in filtration or from lumen back to blood in reabsorption, has not been 
clearly determined Such a possibility is a reasonable one McLeod' - ' has 
reported two patients who developed renal insufficiency without hem- 
aturia and might fall into this category 

The occurrence of hematuria from the standpoint of frequency is 
difficult to assay from the literature As was previously brought out, the 
earliest reports of cases treated with sulfapyndine did not mention hema- 
turia This finding has been a matter of special interest in recent reports 
Such successive increases in per cent occurrences as 2 pet cent, 1 8 per 
cent and 25 per cent are noted It occurs in both children and adults It 
occurs at times when the urine is alkaline as well as acid, the insolubility 
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of acetyl sulfapyndine persisting through wide ranges of pH It clears 
up in a feu days after treatment is stopped, with certain exceptions that 
will be subsequently mentioned One point of interest which may be 
culled from cases cited m several publications is that patients who devel- 
oped hematuria at the time of the first administration of sulfapyndine 
have, at a later period when the drug was given again, developed hema- 
turia again The individuality of the idiosyncrasy appears on occasion 
to be applicable to the renal toxic effect as well as m the hematopoietic 
one The development of calculi is clearly an authentic occurrence, 
which has been produced experimentally in several different species of 
animals 6 and has been observed in treated patients both clinically with 
the signs and symptoms of renal hthiasis 7 and pathologically by the 
demonstration of the stones with assay of their chemical constitution 
Nephritis with renal insufficiency constitutes the most serious com- 
plication of those involving the urinary tract Fortunately the incidence 
is small and I have not found reference to a death due to nephritis, per 
se However, what the future outcome may be for persons who have 
once had functional impairment of the ludneys remains to be deter- 
mined Indeed, the eventual prognosis is a question which deserves con- 
sideration in the cases m which transient hematuria is the only manifes- 
tation of damage to the urinary tract 

In the present state of knowledge, it may be stated that the abnormal 
appearance of red blood cells m the urine in quantities which vary from 
a few identified microscopically to gross hematuria is a common but 
transient occurrence, the exact frequency of which has not been estab- 
lished, that crystals of acetyl sulfapyndine may be identified in the urine 
either chemically or microscopically, or often may be seen with the 
naked eye as points of light refraction, that when the crystals aggluti- 
nate m sufficient numbers, the problem of renal hthiasis is presented, 
finally, that nephritis with renal insufficiency may develop Fortunately, 
from the standpoint of an immediate reaction, the frequency of these 
effects and their seriousness appear to bear the relation of inverse pro- 
portion, hematuria being the mildest and commonest, nephritis being 
the most serious but considerably less frequent 

The toxic manifestations which have been emphasized in this dis- 
cussion have been selected topics which are not inclusive because of the 
limitations of time Even from those mentioned it is apparent that 
sulfonamide drugs are not entirely perfect m the job of promoting the 
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destruction of bacterial cells while leaving the cells of the body com- 
pletely unaffected But it is also clear that the life-saving effectiveness 
of sulfanilamide and sulfapyridme outweigh the immediate toxic re- 
actions 

In considering these drugs, by way of brief recapitulation, two 
points, among many, may be selected for restatement First, what is the 
combined action of the sulfonamides plus other reagents of either chem- 
ical or biological origin with respect to augmenting, supplementing, 
altering, or inactivating effects on the body 5 That sulfanilamide and 
sulfapyridme undergo and induce chemical changes in the body is 
clearly indicated by acetylation, by esterification, by effects on metabo- 
lism such as is reflected in the excretion of porphyrin, and by some as 
yet unexplained reaction involving oxidation-reduction processes, the 
most striking manifestation of which is the formation of methemoglobm. 
What other chemical reactions may occur with what other reagents and 
lead to what other kind of toxic effects are problems which remain to 
be determined From a practical current clinical point of view these 
unknown circumstances emphasize the importance of judiciously con- 
sidering the selection of accessory drugs that may be given simultane- 
ously with the sulfonamides A second unsettled point concerns the 
effects which may become evident a considerable time after the drugs 
have been given The most obvious hazard m this respect is the initiation 
by crystals of acetylatcd sulfapyridme of calculus formation It is not 
unreasonable to consider the possibility that a nucleus might be estab- 
lished around which and on which mineral salts may be gradually de- 
posited over a period of months or years until the disorder of kidney 
stone becomes established It is perhaps also important to contemplate 
what significance may be attached to the transient abnormalities, which 
are evident during the period of drug administration but which seem to 
disappear when therapy is stopped Is there a residue, foi example, of 
renal impairment or bone-marrow impairment which is so minimal as 
not to be evident when the patient has recovered but which will even- 
tually add up to a sufficient degree to cause some chronic disease, if 
repeated over a number of years either with repetition of sulfonamide 
therapy or other therapies which induce similar damages If the healing 
of the body cells intoxicated by the drugs is complete, the incident is a 
closed one If damage to some of the body cells is permanent, even if 
minimal, the summation effect of repeated insidious damage may, when 
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and if it occurs, eventually be a serious matter Without implying un- 
warranted concern for remarkable remedies, the problem justifies de- 
tailed observations over a period of years before the seeming harmless- 
ness can m all respects be finally appraised 
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HYPERPITUITARISM AND HYPOPITUITARISM" 

Leo M Davidoff 


INTRODUCTION 



%e pituitary gland, m the words of Harvey Cushing , 1 
“exercises direct or indirect control over an unsuspected 


number of biochemical processes of utmost importance 
to the economy of the body ” There are, for this reason, 
undoubtedly innumerable states, some pathological, 
others bordering upon the pathological, in which dysfunction of the 
pituitary gland is involved However, our present state of knowledge 
of pituitary dysfunction without demonstrable morphologic changes m 
the pituitary gland is such that it is dangerous speculation to attempt to 
ascribe many bizarre conditions, as claimed by uncontrolled and popular 
endocrinology, to improper secretion of the pituitary gland 

Indeed, there must be a considerable margin of safety m the quan- 
tity of functioning glandular tissue of the anterior lobe of the pituitary 
body since one not infrequently sees patients with partial destruction 
of this organ by tuberculosis, syphilis or embolic phenomena without 
any detectable symptoms ascribable to loss of pituitary secretion 

However, sufficient experimental data and clinical and pathological 
evidence exist to make possible the recognition of two important classes 
of pituitary disturbances, namely, hyperactivity and hypofunction of 
this gland 

Of all the verified diseases of the pituitary gland producing one or 
the other of these groups of symptoms, the commonest is the adenoma- 
tous tumor 2 The type of clinical response to such a tumor varies with 
the type of cell from which the tumor arises 

Hyperpituitarism 

ACROMEGALY 


Definition Acromegaly is a disease which is characterized by a spe- 
cific type of pituitary adenoma and an overgrowth of the terminal, thus 
acral, parts of the skeleton such as the nose, mandible, hands and feet 

* Presented October 24, 1939 -it The New York Acidemj of Medicine in tlie Twelfth Gnduate Port 
ntfcht 
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History Pierre Mane, 3 m 1 886, is generally accredited with hating 
described this disease Certainly he gave it its name and presented the 
first clinical picture of it as a disease entity by the report of tv o cases 
The etiology of the disease w-as, however, very much in doubt for 
another fourteen years 4 The pituitary gland w as somehow beliet ed to 
be involved, but Mane himself thought for a long time that the disease 
v^as an expression of underfunction or at least dysfunction of the gland 
In 1900, Benda 5 conclusively demonstrated that the pituitary lesion wnth 
wdnch acromegaly w r as associated v 7 as an adenoma consisting of cells 
containing eosinophilic granules, that these granule-bearing cells were 
similar to those which are present in large numbers during the grow th 
period m normal individuals and that acromegaly w 7 as in all probability 
a result of hyperactivity of the pituitary gland 

In 1909, Cushing 0 w r as able to demonstrate experimentally that pitu- 
itary extirpation retarded skeletal development, and thus inferred that 
the skeletal hyperplasia, occurring m acromegaly and the related condi- 
tion, gigantism, w 7 as due to hyperactivity of the gland H VI Eians 7 
(1923) w'as able to produce gigantism m rats by repeated injections of 
extracts from the anterior lobes of beef pituitanes, and Putnam 8 (1928), 
experimental acromegaly in dogs by a similar method 

Etiology Acromegaly is a rare disease There are five times as many 
cases of pituitary tumors of the chromophobe type without acromegaly 
as chromophile tumors with it It can occur m all races, and affects both 
sexes about equally The disease has its onset at a relatively early age 
(average about 26 years) but because of its chronic character patients 
are often first observed past middle life 

Frequently acromegalic patients give a history of notably large 
kinsmen, and occasionally even of acromegaly m a near relatn e, but the 
disease cannot be considered primarily as a familial one 

]ioi bid Anatomy The primary lesion in acromegaly is an adenoma 
of the anterior lobe of the pituitary body consisting of cells, the cyto- 
plasm of which contains granules staining specifically with eosm and 
other acid dyes 9 This lesion not only results m an enlargement and de- 
formity of the pituitary gland and consequently of the sella turcica, but 
because of its oversecretion of hormone, resembling most perhaps the 
grow th-promoting hormone, it produces secondary effects upon practi- 
cally ever) 7 tissue and organ m the body 10 These secondary effects may 
be divided into tw o groups namely, those exerted upon the neighboring 
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structures of the tumor by the mechanical pressuie of the growth, and 
those exerted upon distant stiuctures by the hormonal influence of its 
seci etions 

The first results in atiophy and enlargement of the sella turcica, pres- 
suie atrophy of the optic nerves and chiasm, irritation 01 atrophy of the 
hypothalamic portion of the floor of the third cerebral ventricle, occa- 
sionally, atrophy of some degree of the olfactory tracts and nerves 

The most conspicuous hormonal effect of the lesion is upon the 
skeleton M hen the onset of the disease is eaily m life before the closure 
of the epiphyses, the stature of the patient may increase to gigantic pro- 
portions Authenticated cases of patients attaining a height of eight feet 
(240 cm ) exist in the literature These patients, although large, may be 
symmetrically developed u ithout deformities and are said to suffer from 
gigantism rather than acromegaly Most frequently, however, the giants 
shov, , in addition to their great height, an undershot jaw (prognathism) 
and great hands and feet out of all proportion even to their own unusual 
size, thus approximating the usual type of acromegaly In addition to the 
prognathic jaw, the head also shows as a rule a great thickening of the 
calvarium and an enlargement of the air sinuses The vertebral bodies 
and the points of attachment of the muscles and tendons to the bones fre- 
quently show marked hyperostoses The spinal column often shows a 
fairly marked general kyphosis, the ribs become heavy and the chest 
cage resembles a great barrel 

In addition to the bone-changes, the nerves, blood vessels, skm, 
glands, and fat reveal generalized hypertrophy, but this is particularly 
true of the connective tissue throughout the body While much of this 
hypertrophy is due to actual increase in the number of cells and the 
quantity of intercellular substance, a certain amount is also ascribable 
to a peculiar edema of the subcutaneous tissues which is moderately 
mobile and is the first to disappear if the secretion of the adenoma can 
be diminished by surgical or roentgenologic means 

Less obvious than the enlarged acral portions but equally striking is 
the generalized splanchnomegaly occurring m this disease This affects 
not only the viscera but, to a special degree and in a special sense, the 
other endocrine organs such as the thyroid, thymus, parathyroids and 
adrenal glands which are often the seat of adenomatous lesions, so that 
this disease is sometimes referred to as multiple adenomatosis 

Symptoms The distinction between symptoms and signs in aciome- 
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Table I 

SIMP I OMS AND SIGNS OF ACROMEGALY 
CLINICAL HISTORIES 

AS RECORDED IN 

Symptom s ami Siqii't 


Incidence 
(Per Cent ) 

Enlargement of acral parts 


100 

Enlargement of sell i turcica on v-rav examination 

93 

Disturbances of menstrual cycle 


87 

Headache 


87 

Complete amenorrhea 


73 

Increased basal metabolic rate 


70 

Visual disturbances 


02 

Excessn e perspiration 


00 

Hypertrichosis 


51 

Cutaneous pigmentation 


10 

Drowsiness and lethargy 


42 

Gam in weight 


39 

Diminished libido sexualis 


38 

Asthenia 


33 

Low' blood pressuie (less than 120 mm Hg 

systolic) 

30 

Paresthesia 


30 

Polyphagia 


28 

Fibromata mollusca of shin 


27 

Pol} dipsia 


25 

Enlarged thjroid gland 


25 

Glycosuria (diabetes melhtus 12) 


25 

Constipation 


25 

Vomiting 


16 

Rlunorrhea 


15 

Photophobia 


12 

Uncinate attacks 


7 

Failing memory 


7 

Decrease of body hair 


7 

Persistent lactation 


4 

Failure of breasts to develop 


4 

Epistaxis 


3 

Choked discs 


3 


galy is particularly difficult since many elements belong to both cate- 
gories The disease, as may already be suspected from the description of 
the varied pathological manifestations, is extremely protean 11 and the 
enumeration of the symptoms and signs in Table I makes a formidable 
list 

Time will not permit me to discuss more than a few of these in detail 

Acral Oveigiowth The peculiar overgrowth of the hands, feet and 
features is of necessity present to some extent m every case, since the 
clinical diagnosis and the name of the disease is based on the presence 
of these manifestations A closer investigation of the acromegalic patient 
reveals that the overgrowth is general and not confined to the extremi- 


Hypeipitintansvi and Hypopituitarism 


2 3 I 


ties The changes in the latter, however, call attention to the disease The 
hands and feet become much enlarged, but especially m width and thick- 
ness and the first inkling of this change may come to the sufferer through 
the need of frequently increasing the size of his gloves and shoes The 
skin becomes thickened and the joints of the fingers and toes become 
relaxed, the pores are coarsened and perspiration increases so that one 
gams the impression in grasping the hand of an acromegalic that it con- 
sists of a moist, relaxed sac incompletely filled with loose bones The 
nose becomes wide and large, the lips and brows thicken, the spaces 
between the teeth increase, owing to the enlargement of the jaws, and 
the lower jaw becomes prognathic because of its relatively even greater 
hypertrophy than its fellow The tongue hypertrophies so that it over- 
fills the cavernous mouth and the speech grows lisping and indistinct 

If the onset of the disease occurs before the closure of the epiphyses, 
the entire stature increases beyond normal and may reach gigantic pro- 
portions The circumference of the chest becomes greatly augmented 
Sooner or later a “rounding” of the shoulders occurs due to hypertrophic 
changes in the vertebrae 

Menstiual Changes In the majority of female patients, oligomenor- 
rhea or amenorrhea appears early m the disease This symptom is 
associated with sterility since impregnation in an acromegalic woman 
practically never occurs after the onset of amenorrhea, although 
acromegalic women can bear children if their menses continue The in- 
terruption of ovarian function seems at first incompatible with the fact 
that in cases of chromophobe adenoma of the anterior lobe of the pitui- 
tary, which present m every other respect a directly antithetical picture, 
amenorrhea and sterility are also produced Henderson 12 has shown, 
however, that the onset of this symptom m either type of adenoma is 
related to the size of the tumor, and comes about when this has attained 
such a size as to interfere with the sex stimulating hormone of the normal 
part of the anterior lobe 

Headache is present in nearly 90 per cent of acromegalic patients 
who apply for treatment to the neurologist and more especially neuro- 
logical surgeon This symptom is due, it is believed, to the stretch put 
upon the dural diaphragm across the sella turcica by the expanding 
tumor within it 

Visual Distui bailees These consist of symmetrically disposed visual 
field defects in the temporal halves of the fields which progress until the 
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typical bitemporal hemianopia is produced, and which, if untreated, may 
go on to complete loss of \ lsion The cause of these changes is the pres- 
sure of the tumescent gland against the optic chiasm If the tumor is 
allowed to glow beyond this point, it may break through its capsule and 
extend into the cranial cavity When this occurs, the growth is usually 
asymmetrical and the visual field defect may change correspondingly 
Rarely one even sees papilledema with a pituitary adenoma as a result of 
intracranial extension and increased intracranial pressure The usual pic- 
ture of the eyegrounds is one of primary atrophy of the optic discs 
Complications The complications m the course of this disease are 
practically all due to the advancement of the above symptoms to their 
final stages 

Blindness may result if the growth of the adenoma continues and 
is not checked either by operation or roentgenotherapy 

In ci eased intiaci anial piesswe may occur if the tumor breaks 
through the confines of its capsule and all its accompanying symp- 
toms may appear 

Diabetes mellitus is a common complication, and though it does 
not run a course similar to the essential type of diabetes, neverthe- 
less, it may end in diabetic coma 

Inci eased basal metabolic rate is frequent in acromegaly and 
sometimes this reaches a state analogous to thyroid toxicosis Resec- 
tion of the thyroid usually improves this condition, although his- 
tologically the thyroid shows the picture of a colloid goiter instead 
of that of hyperthyroidism 

Asthenia and low blood piesswe may occur 
Aitenosclei osis and myocarditis are more common and occur at 
an earlier age than would be expected in normal individuals 
Diagnosis The diagnosis of acromegaly (pituitary acidophihsm) is 
the simplest thing about the disease The coarse features and especially 
the prognathic jaw, the huge hands and sausage-like fingers, the great 
feet, barrel chest, rounded shoulders and ape-like carriage, make the 
diagnosis possible literally at a distance When the disease begins very 
early in life, however, the stature may be abnormally great but the acral 
portions, though large, are as a rule more shapely, and m proportion to 
the rest of the body While severe acromegaly can exist with an adenoma 
so small that the sella turcica is not expanded, in the majority of cases 
the tumor enlarges the gland enough to give some visual field defects 
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and changes m the sella turcica sufficient to be visible in roentgenograms 
of the skull 

The Roentgen films of the skull in acromegaly characteristically 
show thickening of the calvarium, ballooning out of the frontal sinuses, 
prognathism and a sella turcica which is enlarged to greatei or less 
degree, often with depression of the sellar floor and thinning or erosion 
or even complete destruction of the anterior and posterior clmoid 
processes and the dorsum sellae The terminal phalanges of the fingers 
and toes show a peculiar “tufting” on the roentgenogram, which is quite 
characteristic of the disease, and the rest of the skeleton presents a mas- 
siveness which is easily recognizable 

Prognosis Acromegaly is a chronic disease which may last as many 
as forty years in an attenuated form Often the adenoma degenerates or 
loses its secretory qualities and the patient may go into a state of hy- 
popituitarism due not only to a “burning out” of the adenoma but also 
to the destruction of the normal pituitary gland However, whethei suffi- 
cient of the normal pituitary gland remains or not, and even when the 
adenoma ceases functioning altogether, the skeletal changes do not re- 
cede, so that the patient’s appearance is always that of an acromegalic 
Frequently the growth of the adenoma and its secretory capacity con- 
tinue unabated and unless treated, produce blindness, intolerable head- 
aches, and the various other complications until death ensues 

Treatment Since the basic pathological lesion m acromegaly is the 
acidophilic adenoma of the pituitary gland, treatment, m order to be 
fundamental, must be applied directly to this growth This may be done 
either by surgical or roentgenological methods or a combination of both 
The acidophilic adenoma of acromegaly is radiosensitive m about 6o to 
70 per cent of cases If the patient presents himself sufficiently early, 
before his visual power is threatened, radiotherapy should be tried If 
the vision is m imminent danger, a partial surgical extirpation of the 
tumor should be made and roentgenotherapy applied postoperatively to 
devitalize the remainder of the growth 

The most modern surgical procedure consists of a right transfrontal 
craniotomy, carried out under local anesthesia with an attack upon the 
tumor between the legs of the optic chiasm, through the bulging sellar 
dural diaphragm, which has first been incised 

The Roentgen-ray treatment is delivered through three portals, one 
on each temple and one m the midfrontal region, of 5 x 5 cm Through 
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each of these portals, 8oo r units are delivered m divided doses of 200 
to 300 r units per treatment given daily or every other day The physical 
factors in the set-up depend, of course, on the facilities available As a 
working method, the following factors may be used 


Kilo\olts 

Millnmperes 

Screening 

Distance 

(target to skin) 

r per minute 


200 

S 

(1 mm VI 
(0 5 min Cu 

50 cm 
20 


Pituitarx Basophilism 

Definition Pituitary basophilism is a condition chiefly affecting 
women, and associated with an adenoma of the anterior lobe of the 
pituitary gland consisting of cells with basophilic granules m their 
cytoplasm This point is still controversial and may have to include 
certain cases without adenomas but in which the basophilic cells of the 
anterior lobe show certain hyaline changes first described by Crooke 
m 1935 Clinically it presents a syndrome of painful obesity, hyper- 
trichosis, amenorrhea, with overdevelopment of secondary sex char- 
acteristics, plethora, vascular hypertension, purplish striae of the skin, 
osteomalacia, and a number of other more variable signs and symptoms 

Histoiy In 1903, Erdheim described the postmortem findings in two 
cases which showed, on careful histological examination of the pituitary, 
small adenomas 1 5 mm and 1 mm in diameter respectively, consisting 
of basophilic granule-bearing cells He considered these incidental find- 
ings, in the nature of histological curiosities, and placed no clinical sig- 
nificance upon them One of these patients, during life, was considered 
to be suffering from Basedow’s disease, and the other was an acromegalic 
who showed a large acidophilic adenoma of the pituitary m addition to 
the tiny basophilic one 

In 1912, m his well-known monograph on “The Pituitary Body and 
Its Disorders,” Harvey Cushing 1 described a “polyglandular” syn- 
drome, m a young woman of twenty-three, which he defined as a 
syndrome of painful obesity, hypertrichosis and amenorrhea with over- 
development of secondary sex characteristics,” without being able to 
attribute the picture primarily to the pituitary, adrenal, pineal or ovary 
This patient was seen by him from time to time for over twenty years 
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Meanwhile six other similar cases appeared under his observation, and a 
number of these “polyglandular” cases began to appear m the literature, 
a few of which were reported together with complete postmortem 
examinations One of the most complete reports was by Parkes Weber 13 
(1926) in whose patient, among other pathological changes, was found 
a small pituitary basophilic adenoma to which he ascribed very little 
significance Meanwhile, biological evidence of multiple hormones of the 
anterior pituitary gland was being disclosed and a young co-worker of 
Cushing, Harold Teel 14 (1931), postulated the presence of a basophilic 
adenoma m an obese, hirsute woman who also showed menstrual irregu- 
larities, and at whose necropsy such a lesion was found 

A search of the literature revealed a number of similar cases, some 
of which occurred also m males, and m 1932, Cushing’s paper 15 ap- 
peared with a full review of all reported cases and a number of his own 
One of these was that of a man who showed this syndrome to an 
advanced degree, and in whom a basophilic adenoma of the pituitary 
was postulated He improved remarkably after radiation therapy con- 
fined to the pituitary region This seemed to indicate that the lesion 
primarily responsible was located in the pituitary gland What that 
lesion was, as yet was not verified Later on, however, the patient had a 
recurrence of symptoms and died before he could be brought back to 
Cushing’s care Necropsy revealed the presence of a basophilic adenoma 
of the pituitary gland and the last link m the chain seemed to have been 
forged to establish the syndrome of pituitary basophilism 

M01 bid anatomy Most of the postmortem examinations in those ex- 
amples of this disease which are recorded m the literature were made 
before Cushing linked the syndrome to the basophilic adenoma of the 
pituitary gland Since this tumor is usually small, often no more than a 
few millimeters in diameter, it undoubtedly was occasionally overlooked 
when no special effort was made to find it As an example, a case re- 
ported by Bauer 10 was examined at necropsy by Sternberg, whose report 
of the pituitary gland was that it was of normal size without change 
After the case was published, at the request of Cushing, Sternberg cut 
the pituitary gland serially and found a small, but typical, papillary baso- 
philic adenoma It is this lesion, then, which is believed to be the basically 
underlying pathological cause for the disease 

The other members of the endocrine series are also involved to a 
greater or less degree The adrenals often show adenomatous formations 
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or hyperplasia of the cortex, although normal adrenals have been de- 
scribed m typical examples of the disease The thyroid is usually normal 
in size or slightly enlarged Occasionally a small struma may be present 
which histologically proves to be colloidal in character The thymus has 
usually been reported as atrophied although, in Teel’s case, it was found 
to be persistent No uniform changes have been seen m the pancreas or 
pineal From the few reports on the condition of the parathyroids, it 
would seem that these bodies are hypoplastic in this disease The gonads 
are usually atrophic 

The other tissues and organs show varying degrees of change The 
blood vessels are often sclerotic, m spite of the relative youthfulness of 
the subjects The heart, as a rule, shows considerable hypertrophy, not 
m the massive sense as seen in acromegaly, but compatible w ith a state 
of chronic hypertension The kidneys almost consistently shov r chronic 
nephritis The liver may show fatty degeneration, although no detailed 
studies are reported in the literature 

Symptoms Until many more case reports appear, now that the nature 
of the disease is better known, the complete clinical picture will have 
to remain uncertain In many of the case reports that are extant, the 
histones are often very much condensed and the chronological appear- 
ance of symptoms incompletely noted In so far as it is possible to deter- 
mine, the cessation of menses is usually the first symptom in women, 
unless the disease appears before puberty In the male patients, obesity 
is the first indication of the disease Headache is common, pam is fre- 
quently present, especially m the back The women note, fairly early 
in the disease, a thinning of the hair on the head and the appearance of 
body and facial hirsutes Shortness of breath and palpitation, general 
weakness, purpuric eruptions are frequently reported Loss of height, 
associated with cervicothoracic kyphosis, was observed subjectively in 
five out of sixteen cases analyzed Less frequently, exophthalmos, diplo- 
pia, nausea, vomiting, epistaxis, tinnitus, dry skm, insomnia or somno- 
lence is noted by the patients 

Objectively the appearance of these patients is as striking m its way 
as that of the acromegalics The female victims show a definite growth 
of hair on the face, although the hair on the head may become thinne 
All the patients have strikingly prominent abdomens, suggesting m 
appearance that of the later months of pregnancy The obesity extends 
to the rest of the torso, breasts, neck and jowls The skm is often 
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sti etched \ ery tightly over these localized areas of obesity and gives the 
patient a painful feeling as if it were about to burst On palpation, too, 
the fat pads are often tender Contrasted to the obese body and neck, 
the extremities are usually thin, even wasted The face is plethoric, the 
eyes may be prominent and the conjunctivae injected Purpuric spots 
aie frequently present Owing to the stretching of the skin, striae are 
usually present and characteristically appear purple, red or brown These 
may be i ery prominent over the abdomen, thighs, breasts and even 
axillae The skin, m addition, may be quite dry and scaly and often 
shows brow n pigmentation m the folds of the body 

The patient usually shows a fairly marked cervicothoracic kyphosis 
which accounts for the loss of height of which he may complain The 
Roentgen-ray examination of the spine in these cases shows a marked 
porosity of the bone due to the loss of calcium and a wedging of the 
bodies of the vertebrae m the kyphotic region X-ray examination of 
the other bones also frequently reveals porosity The skull, too, is usually 
involved, and the sella turcica, while seldom enlarged, shows thinning 
of the clinoid processes, floor and dorsum sellae, not often as a result of 
local pressure, but as a part of the general process 

The blood pressure, both systolic and diastolic, is almost invariably 
high and the fundi oculi frequently reflect this state m the form of 
retinal hemorrhages, exudate, tortuosity and sclerosis of the blood 
vessels 

Occasionally there is a distinct, though not very marked, polycy- 
themia with a red blood cell count of five and one-half to six and one- 
half million In about a third of the patients, hyperglycemia and gly- 
cosuria are present 

The basal metabolic rate has been measured in a few of the cases 
reported and was found to vary between —33 and -(-33, although the 
tendency is for it to be somewhat above the normal 

Complications The influence of the abnormal secretions of the baso- 
philic adenoma may result m numerous complications associated with 
hypertension (eg, cerebral hemorrhage, chronic nephritis, retinal hem- 
orrhages) , x\ ith decalcified bones (e g , spontaneous fractures, kyphosis) , 
with glycosuria (e g , a tendency to acquire infections, even diabetic 
coma) 

Diagnosis The striking clinical picture makes the diagnosis of the 
syndrome extremely easy The only difficulty is that known cases of 
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apparently the same disease have been found which were believed due 
to tumors arising from the adrenal glands, and m whom no tumor of the 
pituitary gland was said to exist Since it is known that the pituitary 
adenomas are often very small, the failure to find them in the past is not 
completely acceptable evidence of their absence In relation to this con- 
dition, the student is witnessing a chapter of medical history in the 
making Harvey Cushing has built up his evidence like a true veteran 
with full awareness of all the pitfalls that await the explorer in a new 
field For lack of material, however, some of the facts still need con- 
firmation 

Prognosis Pituitary basophilism is a chronic disease, the average 
patient presents himself for hospital study more than seven years after 
the onset of the first symptom Dr Cushing followed his first case for 
over twenty years after he first saw her Death usually results from some 
mtercurrent disease, or one of the complications mentioned above The 
disease has been known to become arrested spontaneously Some hope 
exists that improvement may be brought about by treatment of the 
primary tumor of the pituitary gland either directly by surgery or in- 
directly by the Roentgen ray 

Treatment Following the analogy of the other adenomas of the 
hypophysis, the treatment which immediately suggests itself is either 
extirpation of the tumor by surgical means, or its devitalization by 
roentgenotherapy, or both So far, I know of no case that has been 
successfully operated upon Several patients, however, have shown re- 
markable improvement following radiation directed to the region of the 
pituitary body 

Hypopituitarism 

Definition Hypopituitarism is a condition resulting from interfer- 
ence with secretion of the pituitary body either by tumor, degeneration 
or infection of the gland The effects vary with the degree of functional 
disturbance of the pituitary and its neural connections with the hypo- 
thalamic portion of the brain, as well as with the age of the patient at 
the time of onset of the disease 

Histoiy The association of pituitary tumor with blindness has been 
recognized since 1705 when Vieussens 1 ' reported the case of le cardinal 
de Bonsy” who showed at necropsy a pituitary tumor the size of a hen s 
egg From that time a relatively large number of cases were reported, 
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showing disturbance of vision with such tumors The first known case 
in which obesity was linked with the combination of pituitary tumor 
and visual disturbances was reported by Mohr 18 in 1840 It was not, 
however, until after acromegaly was described in 1886 and the symp- 
toms of this disease linked with a tumor of the pituitary gland that the 
constitutional changes in patients harboring a pituitary tumor were care- 
fully scrutinized The demonstration of pituitary tumors in the absence 
of acromegaly was considered proof against the assumption that the 
acromegalic symptoms were a result of the tumor The recognition that 
there was a difference in the character of tumors primarily originating 
in the pituitary gland did not come until 1900 when Benda 3 produced 
incontrovertible microscopic proof of this contention In 1901, Froeh- 
hch 19 described the case of a 14-year-old boy with headache, vomiting 
and obesity, underdeveloped genitalia and absent pubic and axillary hair, 
who harbored a tumor in the region of the pituitary gland To this syn- 
drome, Bartels 20 later gave the name of “dystrophia adiposogemtahs ” 
This was considered a prototype of hypopituitarism until Philip Smith 21 
showed by his experiments with rats that, in all likelihood, the so-called 
pituitary obesity was probably not a result of direct disturbance of the 
pituitary gland but rather of the neighboring hypothalamic portion of 
the brain By his experiments, the distinction between a lesion of the 
neighboring brain and of the pituitary body was first made Previous 
experiments were inconclusive since, as a rule, in an attempt to produce 
the one lesion, the other was also inadvertently made In the experiments 
which he carried out to show the effect of ablation of the anterior lobe of 
the pituitary gland without injury to the brain, he was able to demon- 
strate that in immature individuals growth ceases, sexual development 
fails to take place, but obesity does not occur In adults who have at- 
tained their full growth, very little effect is noted aside from dystrophy 
of the gonads and a thinning and falling out of the hair 

Chromophobe Pituitary Adenoma 

The commonest cause for hypopituitarism is the chromophobe 
adenomatous tumor of the anterior lobe of the pituitary gland, which has 
no known secretion of its own, and which compresses and interferes with 
the function of the normal pituitary body 

Etiology These tumors are by far the commonest variety affecting 
the pituitary gland, making up about two-thirds of all the adenoma cases 
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It is a disease of adult life, being fairly evenly distributed in the thud, 
fourth and fifth decades at the time u hen the patients seek aid m a 
hospital 

Mot bid anatomy This tumor is usually soft, brou msh red m appear- 
ance, m ith a fibrous capsule of varying thickness It is composed of very 
thick columns of cells separated by septa of connective tissue carrying 
delicate capillaries The cells are elongated, columnar, and often stand at 
right angles to the connective tissue septa They have rather indistinct 
boundaries and their pale staining cytoplasm contains no granules other 
than mitochondria The nuclei are small, oval with heavy chromatin 
material 

The other members of the endocrine series, especially the thyroid, 
adrenals and gonads, as well as the other organs of the body, are likely 
to be smaller than normal, in contrast to the condition seen m acrome- 
galy 

Symptoms The chromophobe adenomas are again large tumors and 
produce, as a result of local pressure, headache, primary optic atrophy, 
bitemporal hemianopia, and roentgenographic evidence of enlargement, 
atrophy, often indeed, complete destruction of the sella turcica If the 
growth continues to expand, pressure upon the oculomotor, trochlear 
and abducens nerves may result in strabismus, ptosis and pupillary 
changes At times, the olfactory tracts may be compressed with resulting 
unilateral or bilateral anosmia 22 Extension of the tumor outside of the 
confines of the enlarged sella turcica may result m pressure upon the hy- 
pothalamus causing at times polyuria and polydipsia (diabetes insipidus), 
or if it extends laterally and compresses the uncinate region, may cause 
hallucinations of smell In rare instances, these tumors grow so large that 
they extend up far enough to obstruct the foramen of Monro, which 
prevents egress of fluid from the lateral ventricles, thus producing an 
obstructn e hydrocephalus with all the signs of increased intracranial 
pressure 

Just as constant as the local pressure signs above described, are the 
constitutional changes accompanying this tumor Usually the first of 
these symptoms to appear and the most constant is amenorrhea, or, m 
the male, loss of sexual libido and eventually also of potency Next in fre- 
quency are atrophic changes of the skin, thinness and dryness of the hair 
on the head, loss of body hair, scantiness of axillary and pubic hair, the 
latter e\ en m males, being feminine m distribution About 80 per cent 
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of the patients show an abnormal degree of obesity which is character- 
ized by a fluctuation in body weight, so that a gam or loss of 10 to 15 
kilograms in a year is not unusual The basal metabolic rate 111 these 
patients is usually low’, the average being around 20 per cent below' 
normal Tins may be responsible for the sluggishness of these patients, 
their slow' pulse and occasionally subnormal temperature Since the dis- 
ease has its onset, as a rule, after adolescence, infantilism is seldom seen 
accompanying it, although the size of the male genitalia is frequently 
within the low'er ranges of normal 

Diagnosis Since tumors causing hyperpituitarism are easily diag- 
nosed by the constitutional changes they produce, the differentiation of 
chromophobe adenomas from them is relatively easy Difficulties may 
arise, how'ever, in distinguishing the chromophobe adenoma from other 
tumors m the region of the sella turcica, such as craniopharyngioma 
(bucconeural tumor), suprasellar meningioma, glioma of the optic chi- 
asm, aneurysm of the circle of Willis, chordoma, angioma, cholesteatoma, 
tuberculoma or gumma Some of these conditions resemble clinically the 
chromophobe adenoma by producing similai focal symptoms, others re- 
produce the endocrinological changes, w'hile some produce both Differ- 
entiation, how'ever, can usually be made by considering the history, 
Roentgen-ray and encephalographic data 

Prognosis Chromophobe adenoma of the pituitary gland is a more 
rapidly progiessive disease than the eosinophilic tumor of aciomegaly 
It seldom lasts over ten or fifteen years, and frequently, even in spite of 
treatment, leads to blindness, headache, paralyses lesultmg from intra- 
cranial extension of the tumor Anemia, asthenia and intercurrent infec- 
tion frequently are seen m the terminal stages of the disease 

Treatment Treatment is again either surgical, roentgenological, or 
both The results of neither, nor both in combination, are as good as m 
acromegaly The techniques employed are about the same as in 
acromegaly 

Simmonds Disease -3 

A veiy extensive, at times even complete, degeneration of the pi- 
tuitary gland sometimes occurs This may come about as a result of 
trauma, infarction or infection of the gland It produces a rapidly fatal, 
progressive disorder described as hypophysial cachexia The patient be- 
comes rapidly emaciated and extremely w eak He seems to age very 
quickly and usually dies of some intercurrent infection Recent reports 
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in the literature of improvement in examples of this disease, as a result 
of parenteral administration of anterior pituitary hormones, have ap- 
peared Reliably potent preparations of these hormones are not yet avail- 
able commercially and this treatment is still experimental 

In the diagnosis of this disease special care should be taken to differ- 
entiate it from anorexia nervosa which Sir William Gull described 70 
years ago This superficially presents a similar picture but is actually a 
functional disease based upon psychological maladjustment and is ame- 
nable to psychotherapy 

Dwarfism 

Aside from the failure of development in stature resulting from 
congenital abnormalities like achondroplasia, states of malnutrition and 
insufficient vitamins, many of the pathologically small statures are prob- 
ably related to dysfunction of the pituitary gland In some of these 
conditions, gross abnormality of this gland can be demonstrated In 
others, this does not always seem to be the case 

Hypophysial infantilism One form of dwarfism in which a lesion of 
the pituitary is usually demonstrable is known as the Levi-Lorain type 
This condition is often the result of infarction of the glandular portion 
of the pituitary, occurring during some acute infectious disease of child- 
hood with a resulting disturbance probably of both the growth and sex 
factors of the pituitary hormone The patients usually tend to retain 
their childish proportions Their bones are of light construction, the skm 
is delicate, the primary sex organs never develop beyond the state of 
childhood, and secondary sex characteristics do not make their appear- 
ance These patients are usually normal intellectually, indeed, are some- 
times exceptionally bright They maintain fairly normal health and make 
up a fairly large proportion of the dwarf colony in circuses They seem, 
however, to have relatively poor resistance to infection and usually die 
relatively young of some infectious disease Occasionally this type of 
dwarfism is accompamed by mental deficiency 

Pinnordtal dwarf In contrast to the childlike proportions of the 
Levi-Loram dwarf, the primordial dwarf, whose stature is frequently 
below that of the former, nevertheless, develops the proportions of an 
adult These individuals appear as miniature men and women, their 
sexual function is normal, ossification of the skeleton takes place at the 
normal age The condition is hereditary and is transmitted through the 
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father The famous general, Tom Thumb, and his family were examples 
of this condition The pituitary gland, although small, so far as is known 
shows no gross abnormalities 
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aeroplane glides through the sky billowed up by the 
pressure of air beneath its wings The streamlined loco- 
motive rushes across the continent powered by Diesel 
engines This engine turns because heat is generated by 
compression of the gases, thus causing combustion of the 
fuel An electric motor spins due to the reaction of the magnetic fields 
created around the coils of wire in its revolving parts Hypertension is 
caused by a spasm of the smaller blood vessels throughout the body 
Each of these above statements are facts Merely repeating them, 
without further elaboration, does not necessarily show a very profound 
understanding of the details or the ground work of knowledge neces- 
sary to evolve them When a breakdown comes, one needs more work- 
ing knowledge than general facts to remedy the difficulty In the case 
of hypertension, have we not been concerned with the end-result, “the 
tension,” found in the blood vascular system of the patient said to have 
high blood pressure 5 Our attention being focused on this fact, it is 
agreed that the arterial spasm must be relieved to prevent disaster Treat- 
ment by medication has been the method at hand It has long been di- 
rected in a pseudo-magic attempt to lower that tension The clini- 
cian had little time except to try the various drugs on his willing patients 
This method of “pouring oil” on the “troubled waters” is not the me- 
chanic’s method of attacking his problem He seeks out the faulty part 
of the motor and treats it He knows the result or dysfunction of the 
engine is due to a worn or broken part The satisfactory performance 
v ill come when the defect is remedied 

The Problem 

In studying the basic facts of hypertension, the mechanic’s procedure 
has been used, but the answer has been slow in e\ olving It began a 

* Presented October IS, 19 j 9 at The New York Academy of Medicine before the Section of Gemto- 
Urinarv Surgery 
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century ago, when Bright 1 called attention to the kidney in a patient 
dying with hypertension This finding became so common that the 
kidney w r as agreed upon as the cause and the disease affecting it bore 
Bright’s name Gull and Sutton later noted that the disease was not con- 
fined to the kidney but all the smaller vessels throughout the body were 
invoked It followed from this observation that hypertension w ? as re- 
garded as a generalized vascular disease with the kidney only a small part 
of the process No mattei what view' one takes as to the cat and the tail 
of this controversy, the real problem in understanding hypertension has 
to do with the character of the agent raising the arterial pressure Not 
until we fully understand this, can any question be settled finally or 
satisfactorily It is agreed there is more or less uniform narrowung of the 
small arteries and arterioles There are three ways m which this narrow^- 
mg might occur, namely, from a morphologic change in the vessels 
themselves, from a vasoconstriction of nervous origin, or from a stimu- 
lation of the vessel w^alls by chemical elements in the circulating blood 
It is generally accepted from the histologist’s point of view, that the 
arterial narrowing morphologically is a fatty hyalin thickening of the 
mtima and a hypertrophy of the media 2 General agreement has it that 
the mtimal change per se is insufficiently widely distributed to cause a 
rise of tension On the other hand, the tendency for the peripheral 
arteries to show'’ marked changes secondary to heat and cold stimulation 
leads us to believe that this thickening is a work hypertrophy similar 
to that obsen ed in cardiac musculature 34507 

Those sponsoring the nervous hypothesis do not clearly state the way 
overactivity of the vasomotor nerves is brought about They rely 
mainly on the evidence derived from the “cold pressor test” and from 
the effects noted in dividing the sympathetic supply to the abdominal 
viscera On the other hand, Pickering and Kissin 8 have shown that the 
cold pressor test with a marked response to cold is not peculiar to essen- 
tial hypertension It is found in many normal individuals So that this 
test cannot be considered as the last wmrd m drawing the conclusion 
that there is an overactivity of the nervous mechanism to the arterioles 
The operations for denervatmg the splanchnic area are of two kinds 
section of the anterior spinal roots from about the sixth thoracic to the 
second lumbar, and section of the major and minor splanchnic nerves 
above or below the diaphragm with removal of the adjacent sympa- 
thetic ganglia These tw r o operations seem to produce similar effects on 
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arterial blood pressure in essential hypertension 0,10,11 In some patients 
the fall of blood pressure is profound and persistent In most cases a 
considerable fall is ultimately followed by a return to approximately the 
preoperative level, and m a few the blood pressure is unaltered 

The Study (Experimental) 

The study concerns the last possibility, that of a chemical substance 
present m the blood What work has been done regarding this- "Where 
does it lead us 5 What are the inferences from the results 5 Animal experi- 
ments show that arterial tension is increased by procedures that decrease 
the blood flow through the kidney These procedures have been varied 
in method but the results are the same They are 

1) Excision of varying amounts of renal tissue 

2) Constriction of the renal veins 12,13 

3 ) Production of an interstitial fibrosis of the kidney by exposure 
to x-rays 14 

4) Ligation of one or both ureters 15,16,17 

5) Partial ligation of the renal arteries 10,17,1819 

6) Compression of the renal arteries with adjustable clamps 20,21,22 
Most significant and instructive seems to be the compression method of 
Goldblatt and others in which renal ischemia is produced by adjustable 
silver clamps On the other hand constriction of equally important blood 
vessels, as the superior mesenteric artery, does not cause elevation of 
blood pressure Therefore, we are led to believe it is not constriction of 
the blood supply to any organ that gives this result, but a specific organ, 
the kidney However this work was open to criticism It required fur- 
ther proof to convince investigators that the application of clamps to 
the arteries did not cause reflex spasm This type of hypertension was 
not prevented or relieved by 

1) Denervation of the kidney pedicle 23,24,23 

2 ) Excision of the splanchnic nerves 20 

3 ) Complete sympathectomy 27 

4) Complete destruction of the spinal cord 24 28,29,30 
Therefore a chemical substance was presumed to come from die 

ischemic kidney, acting on the blood vessels themselves or through the 
vasoconstrictor nerve-ends This is borne out partially by the following 

1) A “pressor” substance can be found in extracts of normal 
kidneys 31 
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2) Much more of this “pressor” substance is found in extracts 
from diseased kidneys 32 

3) Excision of the experimental ischemic kidney at the height of 
the hypertension it produces, allows a prompt return of the 
blood pressure to normal 21,33 

4) Transplantation of the ischemic kidney from the loin of one 
dog to the groin or neck of another produces the same result 
in the second experimental animal 34,33 > 31 ’ 

Tabie I 

INTERFERENCE It ITH RENAL CIRCULATION 
11ns is accomplished clinicalla In 

I Intrinsic, infection within the kidnej — 

Benign prostatic obstruction 

Partnl occlusion of ureters 

{ stone causing 

diaerticula clinical 

malignancies pa eloncphritis 

Bilateral infection 

Paelonephi itis 
C ilculi 

Unilateral resulting* 

from Contracted kidnea 

I uberculosis of kidnea 

- 

II Extrinsic, eftecting interference on the renal artera circulation 

M ilposition of the balnea 
Vbnormal course and position of irtera 
Hadronephrosis aaith pressure on artcra 

Lmlatci d -> 

Vtherom itous plaques 
Infarct of kulnea 
.Ihrombosis aaith rccan dilution 


{ from infection 
from traum i 
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Ex yyiPLES 


I Intrinsic, infection within the kidney 


Bilatlr \l 

1 Cohnheim 3 as far back as 1877 reported cardiac hjpertrophv presumably 
from hj pertension yyith urmarj obstruction and a large stone in the bladder 

2 Passler, 35 1906, reports a case of anuria of 12 days duration due to a eaici- 
noma of the cerux partially obstructing both ureters, accompanied by hjper- 
tension 

3 Longcope and McClintock" m 1910 called attention to the clinical rel ition- 
slnp of cluonic pyelonephritis and hypertension 

4 Bias ch" 0 m 1911 reported three cases of genital carcinoma yyith unnirj ob- 
struction and eleyated blood pressure readings 

5 von Monakoyv and Mayer 4 ' in 1918 reported cases of prostatic hypertrophy 
yyith leduction of eleyated pressures following bladder diainige 

6 O’Connor, 43 1920, and again in 1923 noted a fall of blood pressure in seventy- 
foui cases of bladder neck obstruction following satisfactory bladder 
drainage 

7 Staemmlei, 43 m 1932, collected thntj cases of pjelonephntis yvith contracted 
kidnevs and marked delation of blood pressure and cardiac hj'pertrophy 

8 Fishberg 6 in 1934 commented on seieral cases of lij’pei tension associated 
with uiologic disease 

9 Ritch, 44 1936, leported the benefits of urologic treatments in si\ cases of 
hj pertension 

10 Longcope 45 moie recentlj lepoited hypertension in 60 per cent of his twenty - 
tyvo cases of chronic pyeloneplmtis 

11 Butler 46 showed a similar relationship m children of hj'pertension and pje- 
lonephntis in fifteen of lus cases 

12 Weiss and Parker, 43 1938, in 100 cases of pjelonephntis showed a lelation- 
slnp between the degree of infection and the magnitude of the hj’pertension 
Thej estimate 15 to 20 pei cent of cases of malign int hypertension ire due to 
pyelonephritis 


Uxil \teral infection — remoy ed surgicallv followed by changes m blood pressure 
comparable to the result reported in experimental animals 

1 Butler 40 leports two children yvith hj’pertension haying unilateral pyelone- 
phritis cured by nephrectomy 

2 Leadbetter 48 mentions two cases of unilateral tuberculosis yyith readings o 
160/100 to 180/100 In one of these the piessure has returned to normal since 


3 

4 


5 


bilker and Walters 4 * renew a case with immediate return of blood pressure 
a normal after remoy al of an infected kidnej, the site of a stone, 13 yeirs 

Uthor’s'case had a kidnej stone known to be present 16 jears With 
lephrectomy a definite fall of blood pressure was noted Although this did 
lot return to . norm.! lei«l, d.s.ppe.rnnce of headaches 
n hearing followed remoyal of the poorly functioning kidney (Published 

lon'Spe," reporting » case »,tl, . stone impacted m one of the collect and 
Lccomponied In pi eloneplmtis nnd hvpertens.on, makes note of the fact that 
r,a3eet,on;i,fpert»‘»» »">« >»"8 Wo™ there is nni endene. of renal 

nsufficiency 
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II Extrinsic, effecting interference with the reml arten circulation 

MaXJPOSITION IS WELL ENJEMrLIFIED IN the case or 

1 Leadbetter and BurLland' 5 report an ectopic kidncj located in the pehis 
causing constriction and stretching of the renal \essels with subsequent 
hjpertension Nephrectomj resulted in a cure 

HYDRONEPHROSIS HAS BEEN' SEEN" NOT INFREQUENTLY WITH BLOOD PRESSLjt! CIt WCI.S 

1 Lohlein/ 1 1917, renewed two cases of In dronephrosis with blood pressure 
readings as high as 210/140 

2 Morton 8 had a definite fall of the blood pressure to normal, in his patient 
follow mg nephrectomj for a In dronephrotic hidnej’ w ith an anomalous % cssel 

3 Nesbit 3 has reported seieral interesting cases in both this and the infectious 
group 

ARTERIOSCLEROTIC PLAQUES WITHIN THE RENAL BLOOD \ ESSLLS NO 1)01 BT OITEN 1MEI1- 

FERE WITH RENAL CIRCULATION 

1 Freeman and Hartlej- 8 obsened a case in which a single kidnci w is mule 
ischemic and lij'pertension resulted due to an atheromatous plaque at the 
entrance of renal arterj' 

THROMBOSIS OF THE RENAL ARTERY MAI ACCOUNT FOR MAN1 CASES, A FEW Or WHICH 

HAVE BEEN' nECOON'IZED 

1 Bojd and Lewis 5 ' case showed a huge infarct in the kidnei with marked 
hypertension Nephrectomy resulted in a return of blood pressure to 124/84 

2 Weltj~° renews a group of elesen cases dj mg with thrombosis of the rend 
arterj' all of which were In pertensn e 

3 Hie unilateral contracted hidnej with Inpertension seems a \cn likely end 
result where the condition has paitialh healed b\ rec inalnation of the \esse! 


The Studx (Clinical) 

The value of e\perimental uork depends on the way it can be 
applied clinically Is it not true, that our fastest aeroplanes are often 
designed by capable pilots^ Having learned the theoretical mechanics of 
hypertension from the physiologists, the pilots or clinicians are stepping 
into the field with new designs or application for this knowledge They 
are fitting surgery and urological treatment to the relief of a certain 
group of these patients If removal of the ischemic kidney in the experi- 
mental animal allous blood pressure to return to normal, the same 
should result m the human In our kidneA s no sih er clamp has been 
applied, but infection has applied thousands of clamps to the smallei 
blood vessels Abnormal position and pathological conditions ha\ e hke- 

\\ lse constricted the renal artery W e may classify the clinical situations 

* * 

as outlined in Table I 
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The Future 

Large groups of cases with hypertension have been reviewed m an 
attempt to correlate the urinary tract findings and blood pressure read- 
ings Schroeder and Steele 57 in 7 1 cases of essential hypertension demon- 
strated some abnormality m the intravenous urography in 50 Their re- 
ported data is as follows 

I Lesions suggesting obstruction to the flow of urine were found 
in 36 patients 

a) There was well marked bilateral hydronephrosis in 4 

b) Moderate hydronephrosis bilateral in 7 

c) Unilateral hydronephrosis present in 20 

d) “ “ moderate m 1 1 

e) “ “ mild in 9 

f) Hydronephrosis mild or moderate associated with disease of 
the other kidney as follows 

1 Marked inflammatory conti action ind distortion of the renal pelws 

2 Marked ptosis 

3 Total absence of function 

4 Replacement of the kidney In calcified c\sts 

g) Hydroureter, five patients 

h) Double kidney with mild unilateral hydronephrosis 

II Renal Calculi were seen m five patients 

a) In pelvis or calices 

b) Associated with hydronephrosis 

c) Combined with total absence of function of the opposite 
kidney 

III Miscellaneous lesions were also noted 

a) Absence of evidence of function by excretion of dye for in- 
travenous urography, four patients 

b) Two patients with ptosis of one kidney 

c) Bilateral duplication of kidneys and ureters 

d) Marked distortion of calices perhaps the result of old in- 

flammation 

e) Persistent sharp angulation of the ureter 
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'1 A11H. II 

AIaheii and ’Wosikv* simmvm/i 101 cima nimi in< tiu kilwhino 
Pmm un Lm\\i!\ Iract Pathouku Vlt Yssocivnit With Il\ i i uti \sio\ 


Prostatic obstruction including compile itions. of upper urinm trnct 
Chronic pvcloncphritis with compile itions 
Renal stone and complications 

Prolapse of uterus with hulronepltrosis and infection 
DiAcrticula of bladder and complications 
Urethral stricture (male) 

Cancer of bladder with ureteral obstruction tnd infection 
Itcnal tumors 
Congenital cjstic kidne\s 
Bladder stone 

Congenital absence of hidnes 
Vcsicoinginnl fistula 


)1 

27 

lb 


0 

■1 

2 

i 

0 

1 
1 
1 


The experimental work and the clinical examples mentioned above 
are a distinct challenge to every enterprising and thinking man of medi- 
cine It becomes a problem to see which patients fall into the group that 
can be cured by surgery or urologic treatment 

Urology has gone far as a specialty with the addition of the x-ray 
and the kidney function tests, but as yet these leave much to be desired 
and there is great need for an accurate method to evaluate carefully 
and easily the kidney function early in the disease At the present time 
we hate no explanation of the fact that some patients with pyelone- 
phritis develop hypertension before renal insufficiency while some 
develop it only after renal damage has become marked and still others 
die of uremia w ith very little hypertension 

It is evident that hypertensive disease can be divided into at least 
tv o categories One contains that group of cases m which there is local 
inflammatory, suppurative or obstructive impairment of one or both 
kidneys, causing hypertension The second group contains those m- 
stinces of so-called essential hypertension m which no local renal factor 
has as yet been demonstnted Reduction of hypertension by nephrec- 
tomv has been accomplished in those cases where infection was the cause 
of lessened renal blood flow Study of the blood v essels m the second 
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group shows a hypertonus of the efferent glomerular arterioles that 
tends to produce a degree of renal ischemia 00 Paunz 00 showed in the 
dog that a new blood supply to the kidney can be supplied by omento- 
pexy, the vascularization thereby effected being adequate to maintain 
urine formation after ligation of the artery of the operated kidney 
and even after removal of the opposite kidney This procedure suggests 
that we may have an approach to the problem of treatment of this type 
of case m the human It is a problem that can only be approached cau- 
tiously after a thorough knowledge of filtration rate, renal blood flow 
and mass of tubular excretory tissue C1 It is an established fact that the 
formation of urine is by a combination of three processes The first, a 
filtration process, takes place in the glomerulus The second, the protein- 
free filtrate passes on down to the tubules where the water and valuable 
constituents as chloride and glucose are reabsorbed A third process, 
which is perhaps the most important, is that of tubular excretion 02 So 
complete is this process that excretion of many substances result in almost 
completely removing them from the plasma before the blood reaches the 
renal veins The tubular excretion removes about 94 per cent of phenol- 
sulphonphthalein, while only about 6 per cent is removed by glomerular 
filtration The organic iodine preparations (diodrast, hippuran and 
lopax) have this same characteristic way of removal So it is easy to see 
that it is possible to measure quantatively the amount of intact tubular 
epithelium of the kidney by measuring the rate of excretion of the dye 
or chemical Here two practical difficulties arise, in that these latter sub- 
stances must be given by continuous intravenous infusion m order to 
maintain a constant plasma concentration, and the analysis of urinary 
secretion of diodrast and hippuran is at present a tedious and difficult 
matter However, we hope that simpler methods of measuring the renal 
blood flow will be available in the future It would seem that since 
tubular excretion carries 94 per cent of the load, glomerular filtration is 
relatively unimportant, so we need not be concerned with a substitute 
for normal vascularization in consideration of the value of omentopexy 
It is the opinion of competent observers 01 that man can get along with 
a very small residue of glomerular function, providing the complicating 
features of renal destruction are eliminated These complicating features 
micffit m a considerable measure be eliminated if the accessory bloo 
supply afforded by omentopexy served only to increase the blood flow 
to the tubules Cnle 03 recently has suggested that renal decapsulation be 
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done as an adjunct to the operation of celiac ganghoncctomy He feels 
this procedure has contributed something in addition to the operation 
lie has been championing I feel no doubt this is due to the increase m 
renal blood flow by collateral circulation established at the com c\ 
surface of the kidney 

So for the future \\ e have the offer of hope to the patient v ith an 
infection be it unilateral, of improvement in his hypertension If bihtcral 
infection is present urologic treatment with release of obstruction, re- 
moval of irritating growths and calculi may give the result desired 
Ever)* case of h\ pertension deserves the right to have thorough urologic 
imestigation before the stamp of incurability is placed upon him The 
idea of omentopexy is being studied Perhaps in time satisfactory study 
and technique \\ ill develop this into a practical procedure We and our 
forefathers ha\ e erred long in hunting for a magic drug that v ill reduce 
pressure Physiologists and clinicians have brought into the light some 
facts for understanding this disease Ala) we in the future look on every 
case of h) pertension with these facts in mind' 
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rrmuAm 1 — The A Vo 3 ork Academy of 
Medicine ].,\cciiti\e session lt< ailing 
of the minutes r Papers of the o cuing 
— Sunposiutn on nllcrgi — a] Mcchnn- 
lsin, M ittliew AN alrcr, Attending in Al- 
lcrg\, Icwisli Hospital of Brooklwi b] 
Clinical considerations, Itobert A 
Cooke, Assistant Professor of Clinic’ll 
Medicine, Cornell t_nncrsit\ Mi died 
College, c] Allergv in children Lewis 
AN ebb Hill, Assountc in Pediatries, 
Ilnnnrd Medical Sthool, Discussion, 
AN ill Cook Spain, Tosc|ib Harlan 
r Report on elcetion of members 

Trimi am 17 — 7 he liar- eg Sneirly til 1 1 filia- 
tion hith The Ac-, } orl leadnny of 
Medicine the I lfth Ilarata Lecture, 
"Ph\siolog\ of the Renal Circulation, 
Homer AV Smith, Professor of Plnsi- 
olog\, New A ork Lmwrsita College of 
Medit me 
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PiimUAin 2 — berhon of .Surgery Ri iding 
of the minutes Ni Presentation of eases 
— ,1] Periarteritis nodosa simulating 
surgical abdomen, Philip Allen, Discus- 
sion, Paul Klemperer, b] Successful 
suture of stab wound of heart, Toseph 
13 Stenbuek, Discussion, Samuel S 
Pnlcv (by mwlilion), c] Cases illus- 
trating papers of the eacning, Samuel 


A I hoinpson, ARlton J Raisbctk r . 
Papers of the cacning — a] I lie surgical 
treatment of coronara artera disease 
with special reference to cardiopericar- 
diopeva, Samuel A Thompson Discus- 
sion, lltnri AN Case, Frederic AN 
Bancroft, b] 1 he selection and man- 
igcment of pnlients in the surgical 
treatment of lornnari discisc, Milton 

I Rnisbcik Discussion, Clnrlcs T 
lennea, Harold J Stewart 7 General 
discussion r Eveutne session 

1 i am wt\ G — Section of Dermatology and 
Snphdoloau Presentation of eases — a] 
A nndcrbilt Clime, b] Miseellancous 
<ises r Gincral Discussion r E\ccu- 
tne session 

i 1 mu Ain S — Section of Pediatru * Reading 
of imnutis r Papers of the eicning — 
a] Diabetes mcllilus m one of identical 
twins — follow-up studies of both twins, 
Nlfnil r Tiscliir, Discussion in II 
Rnwlc Geielin, b] A ltamin A stitus of 
(luldrcn ns determined In dark adapta- 
tion, Chnilcs Haig (In imitation), 
Jacques M Lewis, Discussion In Sclig 
Ilcelit (In imitation), i] Cistic ln- 
gioma 111 infant \ -with piescntntion of 
three case iiistories, Abraham low d] 
A tompni line stueh of tlicrapcutie 
proci (lures in stailet fc\er at the King- 
ston Aaenuc Hospital, Ilenn Rascoff 
(In imitation) Sidnei Nussbnum (in 
inwtation) ^ Gcncial discussion 

II ]5\ecntn e session 
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Fi irniMRi 13 — Section of Neurology and 
Psychiatry Reading of minutes II Pa- 
pers of the evening — a] Report of two 
c ises presenting rhythmic palatal rm o- 
clonus, J T Dobson (bj invitation) , 
Henr\ Alsop Riley, Discussion, Sam- 
uel Broc-k, bj Dietetic and related stud- 
ies in multiple sclerosis patients, Rich- 
ard W Brichner, Norman Q Brill (bj 
invitation), with the assistance of 
Frances H Naylor, B Sc , M A and 
Kathryn Montgomery, B Sc , Discus- 
sion, Tracy J Putnam (by invitation) , 
Israel S Weclisler, c] Hemangioblas- 
toma of the cerebellum Clinical, sur- 
gical and roentgenological aspects, Leo 
M Davidoff, Cornelius G Djke, Dis- 
cussion, Henry Alsop Rilev, Charles 
Davison H Executive session 

FiwtiARX II — Special Meeting on Syphilis 
of the Section of Dermatology and 
Syphtlology Presentations — a] Un- 
usual cases of skin, visceral and neuro- 
svphilis, b] Complications arising from 
svpbihs 

Fliircaiu 16 — Section of Orthopedic Surg- 
ery Reading of the minutes II Presen- 
tation of cases — Chondral fracture ot 
the patella, Joseph E Milgram, (bj in- 
vitation) H Papers of the evening — a] 
Delaved reduction of fractures, Tohn 
R Moore, Philadelphia (bv invitation). 
Discussion, Mather Cleveland, b] Re- 
section of the elbow , B Franklin Buzbv, 
Camden (bv invitation). Discussion, 
Philip D Wilson, c] Injury to the fem- 
oral cartilage bv the medial meniscus, 
Alan DeForest Smith, Bv ron B King 
(bv invitation) H General discussion 
U Executive session 

Fluruari 19 — Section of Ophthalmology 
Instruction hour 7 00 to 8 00 Non- 
suppurative diseases of the cornea, part 
II, Ralph I Llojcl Demonstration of 
Slit Lamp Cases 8 00 to 8 30, Gordon 
M Bruce, Girolamo Bonaccolto, Milton 
Berliner II Reading of the minutes 
Presentation of cases — a) A self- 
setting cross cvlmder, Joseph I Pascal, 
1)] The intraniarginal suture in lid re- 


pair, Henrv Minskv , c] Four cases of 
unusual traumatic stationary cataracts, 
Daniel M Rolett (bv invitation), dj 
Pseudotumor of the orbit, Willis Knigh- 
ton II Papers of the evening— a] Intra- 
vital color of the niacul l, Johan W Nor- 
denson, Stockholm (bj mutation), bj 
Harvej Cuslung An ophthalmologist’s 
appreciation, Bernard Samuels IT Gen- 
eral discussion U Executive session 

hFimcvRi 20 — Section of Medicine This 
meeting was held at the Emliorn 
Auditorium, Lenox Hill Hospital (1J1 
East 76 Street) H Reading of the min- 
utes H Presentation of cases treated hv 
crymotherapj II Papers of the cv ening, 
Symposium on crjmothcrapy (so-called 
artificial hibernation) — a] Rationale and 
description of method Conditions treated 
to date, carcinomata, leukemias, drug 
addictions Selection of cases rejections, 
acceptances John C A Gerster, b] 
Cardiov ascular aspects, Charles E Koss- 
mann (by invitation), c] Hematology 
(I) Carcinomata, (2) Blood djscrasias, 
Carl Reich, d] Blood chemistry, Adolph 
Bernhard (by invitation), e] B isnl me- 
tabolism, Jacob Geiger (l)v' invitation), 
f] Neurological aspects, Thomas K 
Davis, g] Temperature observ ations, 
Madge C L McGuinness, h] Urologi- 
cal observations, H R Kcnvon, i] 
Pneumonias, John F Dixon (bv invi- 
tation) , j] Roentgenological observ i- 
tions, Frank Huber (by invitation), 
k] Biopsies and deaths (Rudolf M 
Paltauf (by invitation), 1] Results to 
date pain control, clinical manifes- 
tations, local treatment (two cases), 
nursing detills, P K Sauer (by invi- 
tation) Discussion opened by W Lau- 
rence Wlnttemore H Inspection of erv- 
motherapy room Guides were furnished 
to groups of 6 at 5 minute intervals, 
Victor Gang (by invitation) 

Feiihuarv 21 — Section of Oenito-Vrnuiry 
Surgery Reading of the minutes 
II Presentation of cases— a] Interstitial 
cvstitis with autopsv findings, Joseph 
Schwartz, A Hvman, li] Two unusual 
pvelograms with operative findings, 
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George A Fiedler (by mutation), c] 
Primary carcinoma of the ureter, M It 
Keen (b\ mutation), cl] Ilsiicrne- 
pbromn in polycystic kidnes with m- 
sasicn of sena easn, R B Ilcnbnc, c] 
Unusual bladder tumor of uraclnl ori- 
gin, F C Ilaiimi, f] Cortical tumor 
without sunptoins, Martin J Eocb, g] 
'two cases of long sunning ureteral 
transplantation, A R Stevens, h] For- 
eign boch surrounding penis with sug- 
gested new method of rcmosnl, D Ma- 
kow ski (bs mutation), II S leek, 1 ] 
Embrsomntosis of testis, M M Mchtow 
(In mutation), )] Micro-neropluhc 
streptococcus infection of penis and 
urethra, Paul W Asehncr, Frank L 
Mclcncs r General discussion r E\- 
ccutnc session 

rinnuAiu 21 — Section of OtoUirtqiqoloyy 
Reuling of the nunutes r Papers of 
the evening — from the Colmnbia-Prcs- 
bstcnnn Medical Center Niisophnrsn- 
ged lumors — a] Diagnosis (1) Patho- 
logical, \rthur P Stout (2) Oto- 
laruigological, .Tames M Ilabcoek (3) 
Neurologic il, Samuel Brock, (l) Roent- 
genological, Cornelius G Dike b] 
1 reatment, Roentgenological, llalg II 
Ivasabnch (In inutilion) r Discussion, 
Kaufman Scblnck, Rudolph Kramer, 
Ross Golden, Israel S 'Withski, Mau- 
rice I enr 

Ti nnuAita 27 — Section of Obitctrici and 
Qqnecoloqq Reading of the minutes 
Program In the Morrisanm Cits Hospi- 
tal Presentation of cases — a] Endo- 
metriosis treated with testosterone pro- 
pionate, I co 'Wilson , b] Pregnanes com- 
plicated In carcinoma of the ccrsN (3 
cases), Milton T Goodfriend, c] Eclamp- 
sia associated sulh central placcntn 
prcsia, Fredcilck A Wurrbach, Tr 
U Papers of tin evening — a] Obscrsa- 


tions on the use of stilboestiol, Abra- 
ham Abarbanel (bs msitition) Dis- 
cussion, S imucl R M Res nolds (by 
imitation), b] Critical analssis of ce- 
sircan section nt the Mornsania City 
Hospital, Abraham B 3 inns Discus- 
sion, Horses B Mathews, Haris Vra- 
now 


A F PI LI A 'l'LD SOC1E 1 I P S 

l'l am sin 17 — Jomt Mcclmi/ of New York 
Rocntqen Socich/ and Philadelphia 
Rornti/en Rot/ Society at Memorial Hos- 
pital, H t East 08 Street R llph E 
llcrcndecn, Chairman, Introeluetors re- 
111 irks, C P Rhoads, Director of Me- 
morial Hospital (Introduced bs Dr 
Tames Essmg) ^Papets of the esening 
—a] Sonic ness problems 111 ricliologs, 
1 lines Ewing, b] 1 lie relation of dosage 
111 rocntgLns to sire of portal, Hnses 
Mnrtin, c] Diagnosis md treatment of 
cancer of the lung, I lose! Crner d] 

I reatment of artificial inenop uise, Gras 

II lwombls, c] Serum pliosphot.isc 
studies ns an aid in radi \tion theraps of 
bone tumors, Helen Q Moodird 

1 1 11111 mis 20 — iVrti York Patholoiimd sori- 
ct 1 / fin aflihation wi th I he 3ev } nr! 

tendenu/ of ~\[cdinnc) Case icports — 
a] Criiseilhicr-Bnumgai ten cirrhosis of 
the liscr, \ 1110 ur P I ibei, Chester R 
Brown, h] Multiple hcmnngioendothclio- 

III itn of lung, Alfred Plant r Pipers 
of the esening — a] Con elation bctssccn 
clinical anil e\pci uncntnl findings in 
cases shosung insnsion of the blood 
stream In stnpbslococci, Bernard 
Kleigu (bs imitation), Tolin E Blair 
(bs mutation) , b] Pathological changes 
of the nersous ssslcm in dnonic aieo- 
bolism, T esus D Stevenson (bs imi- 
tation) 



'I lie New "York Acadcim of Medicine re- 
grets to inform its fellowship of the death 
on October 8, 1939, of one of its most dis- 
tinguished honoran fellows. Professor Hans 
Horst Mever of Vienna Ills association 
with the \cademv began thirh-fhe rears 
ago when his scientific contributions in 
pharmacology resulted in an im itati on from 
the Harvev Society to deliver the first 
I Inner lecture m the Academj on October 
7, 1903 on the Mejer-Overton tlieorv of 
anesthesia 

Hans Horst Mejcr was born at Inster- 
liurg (East Prussia) March 17, 1853, studied 
at the Universities of Koenigsberg, Leipzig 
and Berlin graduated in medicine from the 
Lniversitv of Koenigsberg in 1877, elected 
an Honoran Fellow' of the Acadcmj N o- 
r ember 5, 193G Introduced to the methods 
and literature of plnsiology bv Max Jaffe 
at the Fnnersitv of Koenigsberg, lie later 
became assistant m pharmacologj to Oswald 
Selim ledeberg m Strasbourg 

In 1SS2, when 28 rears of age, he was 
called to the professorship of pharmacology 
at the Universitv of Dorpat (then Russia, 
now Estonia) In 1884 and for a period of 
twentr rears thereafter, he occupied the 
chair in pharmacologj at the Unirersitr of 
Marburg, with such distinguished associates 
is the pathologist Ludwig Aschoff and the 
internist Friedrich Mueller It was during 
this time that manr of his fundamental 
contributions to pharmacologr were made 

In 1904, he became professor of experi- 
mental pharmacologr at the Unirersitr of 
\ icnna where he continued to serre until 
his retirement m 1924 In a period when 
the teaching of pharmacologr was largelr 
didactic, he first emplored the experimental 
method of instruction 

In 1WS, he refused a call to the profes- 
sorship in Berlin, preferring to remain in 


lenna as head of the distinguished Insti- 
tute for Experimental Pharmacologr Here 
cime numerous pupils from all parts of the 
world Among his American pupils were 
Dr George Whipple, now Professor of 
Pathologr and Dean of the Medical School 
of the Unirersitr of Rochester, Dr Ilenrr 
Gra r Barbour, now Professor of Pharma- 
cologr at Yale Umrcrsitv, and manr other 
outstanding investigators He is well known 
to most American phrsicians and students 
because of the comprehensive work, “Die 
Experimented Pharmakologic als Grund- 
lage der Arzneibehandlung,” which was pub- 
lished m collaboration with Professor Gott- 
lieb of Heidelberg and later with his pupil 
and successor. Professor Ernst Peter Pick, 
who is now a resident of New "iork An 
English translation of the eighth edition of 
this classic work was published m 1912 
His latest work “Hjpnotica” in collabora- 
tion with E P Pick, appears in “Ilandbmh 
der Normalen und Pathologischen Phvsi- 
ologic,” vol 17, Berlin 192G 
Aside from the man\ honors which came 
to him during the course of his long and 
fruitful career, such as the honorary fellow- 
ship in the Acadcmv and in manj other 
scientific societies, he was the recipient of 
honoran degrees from the Universities of 
Vienna, Koenigsberg, Marburg, St Andrews 
and Edinburgh Professor Mejer’s greatest 
achievement lies in having related pharma- 
cologv to biologv nnd in establishing phar- 
rnacologv as the basis of rational drug 
therapv His influence upon experimental 
phar macologv will never be fulh appreci- 
ated because of Ins scientific gencrositv and 
Ins modestv The Institute of Experimental 
Pharmacologv in Vienna had the most de- 
lightful atmosphere of mutual helpfulness 
and high endeavor The lives of all wiio had 
the privilege of working under his guidmce 
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were permanently affected In tins spirit of 
scientific fellowship lie was belo\cd In 
ill Ins students and associates in \ lenna 
where he exerted a marked influence upon 
the entire facult\ of medicine 
In characteristic fashion, retirement at 
the age of seventy failed to dim Ins scien- 
tific and professional ardor Tor \cars 
thereafter, he continued to work in lus in- 
stitute, guiding the scientific work of the 
aounger assistants Like lus great Ameri- 
can colic igue, M illinm Hum 1\ clcli, the 
period of retirement from academic work 
in lus chosen field scried mereli to open 
new ustas of useful actmti During the 


World M ar and for some years thereafter 
he spent much of Ins time in the study of 
cardioiascular physiology and therapeutics 
at the famous Heart Station m Vienna 
where he had an opportunity in his later 
icars to apply Ins knowledge of physiology 
and pharmacology more directly to the care 
of the sick 

The political turmoil of recent years and 
its destructive effect upon Viennese medi- 
cine saddened the last year of Ins life 
Until the end, Ins true nobility of charac- 
ter and Ins interest and lo\e for Ins asso- 
ciates nnd friends remained undaunted 

Groncu Baehii 
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Minn, Hans 1 1 oust horn at Itistcrhurg 
(East Prussia), March 17, 1853, died in 
A icnna, October 8, 1939, studied at the 
Universities of Kocnigsbcrg, Leipzig nnd 
Berlin, graduated m medicine from the 
University of Kocnigsbcrg in 18 77, elected 
an Honorarv rcllovv of the Academy No- 
vember 5 , 1930 

Introduced to the methods nnd literature 
of phjsiologv bv M Jnfff. at the University 
of Kocnigsbcrg, he later went to O 
Sclmncdcbcrg at the Univcrsitj of Strass- 
lnirg under whose direction lie soon ad- 
vanced to the position of assistant In 1881 
he qualified for a lectureship in phnmracol- 
ogj at the University of Strassburg In 
the same vear he was appointed professor 
at the University of Dorpnt (then Russia, 
now Estonia) In 1881 he removed to Mar- 
burg where lie taught for twenty years 
During tint period he accepted several in- 
vitations to give lectures in England and 
America In 1901 he assumed the profes- 
sorship of pharmacology at the Univeisity 


of \ lenna, which lie retained until his retire- 
ment m 1921- 

Dr Mover’s greatest achievement lies m 
having established a close link between 
pharmacology nnd biology, nnd in haying 
made ph irmncologv the basis of a rational 
mcdicinnl therapy Ills comprehensive work 
’ Die Evpcrimcnlcllc Pharmnkologic nls 
Grundligc der Arzncibchnndlung,” Berlin 
and t icnnn, 1910, published in collaboration 
with 11 Gollhcb (with an English transla- 
tion of the 8 cd , 1932) is considered a 
classic. His latest work “Ilvpnotica” (in 
collaboration w ill) E P Pick) nppenrs in 
‘llandhuch dcr Normnlcn und Patholog- 
lsclicn Phv siologic,” vol 17, Berlin 1920 

Ian Corr, Toshlv M vnsni \ ICO Ilcnrv 
Street, Brooklvn, New \ork, born in New 
1 ork Citv, June 12, 1801, died in Brooklvn, 
New lork, Ecbruarv 8, 1910, graduated in 
medicine from the I ong Island College 
Hospital in 1885, elected a Fellow of the 
Academy November 1, 1900 

Dr Van Cott had practiced in Brooklvn 
for fiflv-four venrs nnd was emeritus pro- 
fessor of pathology nnd clinical mcdiunc at 
the Long Island College of Medicine, senior 
physician to the Brooklyn Hospital, con- 
sulting physician to the Kings County, St 
lolin’s, Methodist Episcopal and Wvcloff 
Heights Hospitals, consulting pathologist 
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to the Brookhn State and Long Island Col- 
lege Hospitals, president of the professional 
stall' of the Brookhn Hospital, and presi- 
dent of the Board of Trustees of the Hoag- 
land Laborator\ of the Long Island College 
of Medicine 

He was a Tellow of the Amine in Medi- 
cal Association, a Fellow of the American 
College of Plnsicians, a member of the 
New Tork Pathological Soeieh, a member 
and former president of the Medical So- 
ciety of the County of Kings (1909), and a 
member of the New York State Medical 


South and chairman of ih Public Hcilth 
and Education Committee 1912-1925 and 
its \ ice-president, 1927-192S 

IliLMn, Anns S\monho\n\ 219 Bcaih 
122 Street, Rockawas Park, Queens, >.cw 
Tork, born in Smoliana, Mogilcff, Russia, 
August 2G, 1871, died in Rockawn\ Park, 
Queens, Fcbruare 10, 1910, graduated m 
medicine from the Woman s Medical Col- 
lege of the New 1 ork Infinnnn in 1895, 
elected a Fellow of the Atndcim December 
7, 1905 
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Tlrmi\olog\ 

hl tcim “hyperthyroidism” will be employed, for con- 
venience, throughout this discussion to embrace all of the 
clinical states variously termed Graves’ syndrome, 1 Base- 
dow’s disease, 2 exophthalmic goiter, 1 toxic adenoma, -1 and 
adenomatous goiter with hyperfunction 5 The multiple 
terminology suggests the uncertain state of our knowledge Historically, 
the captions lack accuracy, since the earliest satisfactory description was 
that of Caleb Parry 0 of Bath (1786) Clinically and physiologically, the 
implications of the nomenclature arc even more disturbing Exophthal- 
mic goiter may be present without exophthalmos or goiter 7 “Toxic 
adenoma” 8 implies a metabolic abnormality whose existence is doubtful 
The term hyperthyroidism suggests, in the thyroid gland, an increased 
secretory activity which has never been demonstrated 9 

Dliiniiiox 

Clinical hyperthyroidism is commonly delineated by cataloguing the 
major symptoms of tachycaidia, tremor, exophthalmos and goiter, to- 



* Presented October 26, 1939 it 1 lie New Sorb Acndutn ot Medicine m tin Twelfth Gndtntc 
rortnijjit 


z 66 


THE BILLL1IN 


gcchcr w ith the minor manifestations which include ner\ ousncss, sv eat- 
ing, asthenia and diarrhea To these clinical manifestations, has been 
added the laboratory e\ idence of elei anon of the basal metabolic rate 
The relationship of these dn erse phenomena may be clarified by a con- 
sideration of the physiology of the thyroid, its related glands and the 
involuntary nen ous system 

The Phxsiologx or the Thxroid Glvnd 

The parenchymal cells of the thyroid gland abstract iodine 10 and 
tryptophan 11 from the circulating fluids and manufacture (a) a specific 
iodine-containing hormone, thyroxin 1 - and (b) a colloid substance in 
which the iodine or thyroxin is stored in the thyroid luminn 

Thyroxin probably leaves the gland through both lymphatics and 
veins Since the concentration of thyroxin in the blood of human patients 
cannot be directly measured, the demonstration of the hyperthyioid 
state is dependent upon presumptive evidence which is (a) histologic 
(b) pharmacologic (c) chemical 

(a) Histologic inferences concerning the hyperthyroid state are based 
on the hyperplasia 10 of the gland that is commonly, but not invariably, 
observed Hyperplasia of the gland is not limited to hyperthyroidism It 
may occur in simple or endemic goiter 14 or human cretinism 13 The 
histological picture is independent of thyroid function but is dependent 
upon iodine storage , 10 a decreased concentration of the element giung 
rise to hyperplasia The tenet that hyperplasia indicates hypersecretion is 
not m accord with fact 17 

(b) Indirect pharmacological evidence of the presence of hyperthyroid- 
ism has been suggested through the resemblance of the clinical syndrome 
to the symptoms produced artificially by the ingestion of thyroid extract 
or the injection of crystalline thyroxin 18 Unfortunately, the pharma- 
cologic resemblance to clinical hyperthyroidism is imperfect Carlson , 1 
after extensive studies of thyroid feeding stated “It would require con- 
siderable imagination or an undue influence of one s wish or one s judg- 
ment to identify the symptom-complex of excessive thyroid feeding in 
experimental animals with exophthalmic goiter Every clinician has 
knox\ n many patients who ha\ e taken thyroid extract over long periods 
of time in order to effect weight reduction These patients manifest 
transitory symptoms as the result of over-dosage with the drug The 
symptoms abate w hen the drug has been discontinued and disposed of 
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If true hyperthyroidism develops, it is a rare experience and more likely 
coincidental than of causal relationship Exophthalmos is a prominent 
feature of clinical hyperthyroidism, yet it cannot be produced by thy- 
roid feeding, it is frequently not ameliorated significantly by thyroid- 
ectomy -’ 0 and may even progress in the face of an operative procedure 
sufficient to cause myxedema 21 Poisoning with thyroid extract is not 
identical with clinical hyperthyroidism, though the two conditions have 
much in common 

(c) Indirect chemical inferences pertaining to hyperthyroidism have 
been suggested by studies of iodine metabolism Low iodine figures in 
the blood are consistently found in endemic goiter 22 In clinical hyper- 
thyroidism, both high 2-1 and normal 24 quantities have been described— the 
latter particularly m patients whose disease has existed for more than a 
year Failure to demonstrate a consistently increased blood iodine may 
not necessarily argue against the possibility of hyperthyroidism It indi- 
cates merely that the ratio of manufacture to destruction or excretion of 
the hormone does not consistently lead to increased blood concentration 
Curtis and Phillips 2 ' studied the entire iodine economy in patients with 
hyperthyroidism They demonstiatcd a negative balance due to excessive 
loss of iodine in urine, blood, sweat and stool and suggested that there is 
a true “iodine diabetes” in hyperthyroidism Even this important and 
interesting work leaves much to be desired of indirect evidence that 
hyperthyroidism exists If hyperiodinemia suggests hyperthyroidism, 
what is the explanation of the relief of symptoms attendant upon iodine 
therapy 5 Surely, if increased blood iodine indicates hyperthyroidism, an 
added supply of the element should augment rather than ameliorate 
symptoms 

Though this hypothesis of hyperthyroidism is fascinating, the hypei- 
thyroid state cannot be proven directly, by measurement, 01 indirectly 
by inferences from histologic, pharmacologic or chemical investigation 

The state of confusion concerning hyperthyroidism has been in- 
creased by theories concerning the toxicity of adenomata and the possi- 
ble production of an altered thyroid secretion causing so-called “hyper- 
dysthyroidism ” The known facts concerning thyroid adenomata may 
be briefly summarised Interpolated in the thyroid tissue, as in all other 
parenchymal tissue, there are frequently observed isolated and encap- 
sulated rests or adenomata n These function less actively than the non- 
tumor tissue of the surrounding gland 20 They cannot of themselves in- 
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dependently hypersecrete or gn e rise to clinical symptomatology except 
to participate in a process initiated and perpetuated by the surrounding 
non-tumor tissue There is no evidence of the secretion of an altered 
thyroxin molecule Hypotheses suggesting toxicity of adenomata and 
the existence of hyperdysthyroidism 27 not only lack positive proof but 
there is much tangible evidence to refute their accuracy 

Though laboratory evidence is lacking for proof of the hyperthy- 
roid state, it is a clinical fact that subtotal thyroidectomy 28 - 29 relieves 
most of the distressing symptoms of patients suffering from clinical 
hyperthyroidism There is much to suggest that the role of the thyroid 
may be intermediary The amelioration of symptoms following thyroid- 
ectomy may be due not only to a decrease m the production capacity 
of the thyroid gland but to the severance of a link in a chain of dis- 
turbed physiological mechanisms If the role of the thyroid gland be of 
secondary importance m clinical hyperthyroidism, the aim of specific 
therapeutic procedure would be directed toward the correction of the 
more fundamental disturbance In consequence, the possible participa- 
tion of factors other than the thyroid gland warrants scrutiny These 
factors may be sought (a) in internal secretory glands other than the 
thyroid, (b) m the involuntary nervous system, (c) m a psychosomatic 
mechanism of basic biologic significance 

(a) There are many clinical observations that suggest, m hyperthyroid- 
ism, a primary disturbance of internal secretory glands, other than the 
thyroid, with secondary thyroid participation 

1 ) Halsted 70 was so impressed with the thymic enlargement m hy- 
perthyroidism, that he advocated and performed thymectomy 

2) Clinically, there are many interesting mter-reiationships between 
thyroid and ovary Women greatly outnumber men in the incidence of 
hyperthyroidism Since amenorrhea is a frequent symptom of the dis- 
turbance, the various ovarian extracts have been employed'* 1 — all unsuc- 
cessfully 

3) An inter-relationship of thyroid and adrenal medulla was sug- 
gested by the work of Cannon and his collaborators ■ i - v!3 Attempts were 
made to prove the existence of an increased output of epmephrin or a 
“sensitization” of the involuntary nervous system to the action of the 
epmephrin through synergism \i ith thyroxin These experiments, though 
they could not be confirmed, induced Crile 34 to approach the surgical 
therapy of clinical hyperthyroidism by denenation of the adrenal 
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medulla or partial removal of its substance, a practice not generally 
accepted and now abandoned 

4) Marine 33 demonstrated an inter-relationship between adrenal 
cortex and thyroid Destruction or freezing of cortex led to elevation 
of the basal metabolic rate and simulation, in laboratory animals, of 
clinical hyperthyroidism Extracts of adrenal cortex are being tried 
therapeutically, but to no great avail, thus far 30 

5) More recently, Collip and others 37 isolated a thyrotropic sub- 
stance in the anterior pituitary gland Occasionally, a suggestion of the 
clinical inter-relationship is seen m the association of pituitary syndromes 
and hyperthyroidism The thyrotropic hormone may produce, m lab- 
oratory animals, a syndrome simulating clinical hyperthyroidism It does 
not seem reasonable to assume, however, that this is, in truth, the sole 
operating mechanism The sella turcica has been irradiated 38 in the at- 
tempt to treat hyperthyroidism by reduction or inhibition of the thyro- 
tropic hormone This has yielded no clinical success Because of the pre- 
sumptive inhibition of the gonadotropic factor of the pituitary gland by 
the male sex hormone, testosterone has been employed 30 m an attempt to 
inhibit the thyrotropic factor as well The results thus far have not been 
encouraging 

The present status of the inter-relationship of thyroid and other 
internal secretory glands may be summarized briefly Many important 
interplays are demonstrable These relationships are interesting and sug- 
gestive but therapeutically unfruitful However, these physiological 
approaches to the elucidation of the mechanism of hyperthyroidism in- 
dicate a mechanism beyond the thyroid gland and suggest that, one day, 
our present forms of therapy may be “rendered archaic by the discovery, 
for the control of the disturbance, of some specific physiological or 
pharmacological agent ” 40 

(b) The failure of the clinical physiologist to unravel the riddle of 
hyperthyroidism, through humoral mechanisms and glandular interplay, 
has led to many ingenious experiments bearing on a neuiogenic mechan- 
ism via the involuntary nervous system The presenting symptoms in 
clinical hyperthyroidism are sympathomimetic 41 — this term indicating 
that they may be produced by emotional or chemical stimulation of the 
thoraco-lumbar portion of the involuntary nervous system Whatever 
may be the ultimate agency producing hyperthyroidism there is no 
doubt but that eventually the causative mechanism operates through the 
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intervention of the involuntary nervous system Hence, it may be profit- 
able to ret lew the pertinent facts relative to these neurogenic structures 

The involuntary nen ous s) stem, sometimes called the autonomic or 
sympathetic nervous system, operates at a level below the thrcshhold 
of consciousness, probably through centers located in the midbrain 
Peripherally, it is subdivided into two mutually antagonistic divisions 
The cramo-sacral or vagus system, with its characteristic pharmacody- 
namic responses to atropine and the acetylcholm group of drugs, need 
not occupy our attention The vagal antagonist, the thoraco-lumbar or 
sympathetic system is certainly involved in the pathogenesis of hyper- 
thyroidism This system is stimulated by drugs such as adrenalin, pro- 
ducing sympathomimetic manifestations identical with the symptoms of 
hyperthyroidism 

We are ignorant of the factors that control the tonicity of the in- 
voluntary nervous system V ith the exception of epmephrm, the prin- 
ciples derived from the ductless glands are not sympathomimetic Were 
a state of hyperepinephrinemia demonstrable, the problem of hyperthy- 
roidism might be considerably simplified but this state does not and can- 
not exist as shown by the assays, performed by Stewart and Rogoff,' 12 of 
the blood of the inferior vena cava pocket The fascinating and sugges- 
tive hypothesis of “emergency” hypereplnephrlnemla- ,3 fails of physio- 
logical proof 

Studies of the electrolytes of the blood do not clarify the situation 
The experiments of Soffer and his associates,' 44 demonstrating specific 
diminution of organically bound magnesium m hyperthyroidism, may 
have important significance that is not evident today 

If physiologic and pharmacologic methods have failed to elucidate 
the role of the involuntary nervous system in hyperthyroidism, many 
clinical observations are suggestive Virtually all patients who develop 
hyperthyroidism give a history of a preexistent instability of the invol- 
untary nervous system, a clinical state for which Kessel and Hyman 4 ’ 
suggested the name “Autonomic Imbalance” Autonomic imbalance is 
usually the precursor or diathesis on v hich hyperthyroidism is super- 
imposed, when a metabolic disturbance, characterized by increased ca- 
tabolism, supervenes When the metabolic state is restored to normalcy 
the patient reverts to autonomic imbalance and the residual symptoms 
following the relief of hyperthyroidism are identical xvith the early 
symptoms of the constitutional autonomic imbalance 
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(c) Patients with autonomic imbalance present psychic and emotional 
instability and a bewildering variety of functional disturbances in organs 
whose parenchymae show no evidence of organic change The catalogue 
of symptoms and signs in autonomic imbalance include vasomotor in- 
stability, manifested by cold hands and feet with or without excessive 
sweating, flushing, blushing, blanching, urticaria and other neuroder- 
matitides, lability of the pulse rate and blood pressure, disturbances in 
motility and tonicity of smooth muscle, and secretory alterations in 
glandular structures Though the manifestations of autonomic imbalance 
may be legion, each patient presents an individual “reaction picture” 
evoked by emotion, fatigue or the introduction of specific drugs There 
is no significant elevation of the basal metabolic rate The thyroid gland 
may be normal There are no positive laboratory findings that are perti- 
nent to the symptomatology There may be present the alterations in the 
adrenalin sensitivity and the creatin metabolism believed respectively by 
Goetsch 40 and Shorr 47 to be specific for hyperthyroidism 

The concept of autonomic imbalance is essential to the understand- 
ing of the problem of hyperthyroidism Inherent m the discussion of 
the mechanism of hyperthyroidism is the consideration of the factors 
that regulate the tonicity of the mvolyntary nervous system The 
knowledge of either one of these problems Mill go far to the solution 
of the other Since thyroxin is not sympathomimetic and there is no 
proof that sympathomimetic activity can give rise, directly or indirectly, 
to significant augmentation of thyroxin effect, we are compelled to 
admit our ignorance of the mechanism by which these agencies partici- 
pate in the production of hyperthyroidism 

If the mechanism of hyperthyroidism cannot be fully explained by 
humoral or neurogenic factors, it may not be amiss to inquire into 
broader biological implications 

Biologically speaking, thyroxin is not essential to life Phylogeneti- 
cally, the gland is first observed in amphibians where its function is 
characterized by (1) accelerating metamorphosis, m species that nor- 
mally undergo this change or (2) actually producing metamorphosis in 
certain salamanders which, in nature, undergo no metamorphosis These 
changes have led Uhlenhuth 48 to state “They demonstrate at what a 
phylogenetic stage the amphibians and perhaps the entire higher verte- 
brates would be if they had not developed the thyroid mechanism ” In 
the higher vertebrates the mam and, perhaps, the sole function of thy- 
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ro\in is as a catabohst accelerating most, if not all, biologic and metabolic 
processes Whether or not thyroxin contributes new functions is an 
academic point which need not concern us at this tunc The phylo- 
genetic appearance of the thyroid gland at the amphibian level and its 
catalytic function in the human economy are of profound significance 
in discussions of the etiolog)^ and pathogenesis of hyperthyroidism To 
the best of our knowledge, hyperthyroidism occurs spontaneously only 
in man, and perhaps only in civilized man McCarrison, -10 foi example, 
never observed hyperthyroidism in the native Indian until Indian troops 
were sent to the First World War 

There is presumptive evidence that hyperthyroidism may be a 
disturbance of historically recent origin and that its incidence is rapidly 
increasing The clinical appearance of the patient with hyperthyroidism 
is dramatic, easily recognizable and unforgetable Though endemic 
goiter was known to the Egyptian and Grecian physicians and the 
painters of primitives, the first medical description of hyperthyroidism 
appeared in 1802 The four pioneers who described cases between 1802 
and 1840, Flajam in Italy, Parry who practiced in Bath from 1780 to 
18 r6, Graves of Dublin and von Basedow of Merseburg, reported a total 
of but fifteen patients Certainly a practitioner today, comparable to 
Parry practicing m Bath for thirty-six years, sees more than five cases 
of hyperthyroidism Could Parry, once recognizing hyperthyroidism, 
have missed other cases that occurred in his practice or was the disease 
so rare that he saw on the average but one case every seven years 5 
The speculation is not idle, for if hyperthyroidism is a condition of 
recent origin and vastly increased incidence occurring only or almost 
exclusively in civilized man, the psychic component m its etiology and 
pathogenesis assumes greater importance The explanation of our inabil- 
ity to observe or produce the syndrome m its entirety in experimental 
animals or to comprehend its mechanism in the clinic may rest on these 
biological and psychological grounds 

Etiology and Pathogenesis 

From what has been said, it is apparent that we are today ignorant 
of the etiology and pathogenesis of hyperthyroidism Not so long ago 
it as considered heresy to doubt that clinical hyperthyroidism was 
other than a syndrome produced by an increased output of the thyroid 
hormone Today, all serious students of hyperthyroidism entertain con- 
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siderable doubt concerning the mechanism of this fascinating and baf- 
fling condition Means 21 in his recent and excellent treatise on the 
thyroid gland and its disorders writes “Since, in the majority of cases 
of exophthalmic goiter, no etiologic agent or likely causative factor thus 
far has been found and since the disease has not been perfectly repro- 
duced m experimental animals, it must be admitted freely that, in con- 
trast to endemic goiter, the cause of the disease remains quite unknown ” 
Hoover 9 averred “There is certainly no evidence of superfunction 
of the thyroid gland All the evidence seems to indicate that hyper- 
plasia, so called, is evidence of incompetence of the gland and is asso- 
ciated with hypofunction rather than hyperfunction ” 

Our knowledge of clinical hyperthyroidism may be summarized by 
the statement that it is a complicated syndrome consisting of neurogenic, 
metabolic and glandular components There are present (a) a dimin- 
ished storage of iodine in the thyroid gland, giving rise to hyperplasia, 
(b) a collection of sympathomimetic symptoms and (c) a general in- 
crease in the catabolic processes, the latter alleviated temporarily by 
iodine therapy and more lastingly by thyroidectomy No one of the 
components of clinical hyperthyroidism is pathognomic Increase in 
the catabolic processes may occur in conditions unassociated with dis- 
turbances in the thyroid gland or the involuntary nervous system 
Sympathomimetic manifestations may be present with or without altera- 
tions in the thyroid gland or the basal metabolic rate Thyroid hyper- 
plasia may occur in otherwise normal individuals, and in patients with 
an elevated or diminished basal metabolic rate 

The complete clinical picture of hyperthyroidism consists m the 
simultaneous presence of the three abnormalities The autonomic imbal- 
ance precedes and is the precursor of hyperthyroidism When the 
catabolic phenomena are superimposed the clinical picture of hyper- 
thyroidism is complete When the catabolic process has abated the 
autonomic imbalance persists and somehow, somewhere in the patho- 
genesis of this process there enters the exciting factor of a psychosomatic 
relationship that seems to be related to the phylogenetic approach to 
what we call civilization 


Diagnosis 

Frank hyperthyroidism seldom presents difficulty in diagnosis 
Sympathomimetic manifestations and evidences of increased catabolism, 
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resulting in loss of weight and strength despite normal or increised 
alimentation, suggest examination of the thyroid gland, and estimation 
of the basal metabolic rate The therapeutic test of the response to iodine 
furnishes complete confirmation that clinical hyperthyroidism exists 
Since determination of the basal rate requires the cooperation of 
patients xvho, because of their illness, find difficulty in offering the 
ideal tranquility so essential to the test, a strictly objective diagnostic 
measure has been sought Goetsclv 4G attempted to utilise the adrenalin 
response for this purpose The presence of the adrenalin sensitivity in 
approximately 25 per cent of normal individuals and in a greater propor- 
tion of those with autonomic imbalance resulted in the abandonment 
of the Goetsch test More recently Shorr 17 attempted to employ for 
diagnostic purposes the disturbance in creatin metabolism King and 
Sohval’’ 0 question the specificity of the metabolic disturbance since it 
was demonstrable in normal individuals, m patients with autonomic 
imbalance, and might be occasionally absent 111 patients with frank 
hyperthyroidism The latter investigators concluded that “clinical judg- 
ment surpasses in value any of these laboratory aids ” 

It should be a comparatively simple matter to differentiate patients 
xvith clinical hyperthyroidism from those xvith simple thyroid enlarge- 
ment x\ hether diffuse or nodular, hyperplastic, colloidal or adenomatous 
Simple thyroid enlargement is unassociated with sympathomimetic 
activity or an elevation of the basal metabolic rate, even xvhen an 
anxiety state of “goiterophobia” is engrafted on the anatomical defect 
Patients with autonomic imbalance arc all too frequently treated as 
sufferers from hyperthyroidism Clinical differentiation should be simple 
on the basis of the long standing history in simple autonomic imbalance, 
the absence of clinical evidence of increased catabolism and the normal 
basal metabolic rate Elevation of the basal rate determined under ideal 
conditions and confirmed by repeated tests, which sometimes requires 
institutionalization of the patient, suggests the transition from simple 
autonomic imbalance to true hyperthyroidism 

Patients with autonomic imbalance xvho dwell in a goiter belt and 
present the combination of sympathomimetic symptoms and a lump m 
the neck, xx ith or xvithout goiterophobia, are almost certain to be told 
sooner or later that they suffer from a forme fniste of hyperthyroidism 
or a true clinical hyperthyroidism, particularly if the goiter is nodular, 
suggesting the presence of so-called toxic adenomata Prophylactic thy- 
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roidectomy may be strongly urged This procedure, in my opinion, is 
needless and unjustified Determination of the basal metabolic rate is 
here of inestimable value for it will be normal m the absence of clinical 
hyperthyroidism, despite the association of autonomic imbalance, 
endemic goiter and goiterophobia 

Psychotic patients in manic phases, such as occur in the agitated 
depressions and the manic depressive states, may present a picture sug- 
gesting hyperthyroidism It is impossible to determine the basal meta- 
bolic rate under these circumstances It may require a prolonged period 
of study and a fine sense of clinical values to differentiate the two con- 
ditions The therapeutic response to iodine is an important differential 

The diagnostic difficulties aforementioned deal with conditions in 
which clinical hyperthyroidism is erroneously diagnosed A more serious 
error is the failure to recognize occult hyperthyroidism, m patients 
presenting atypical manifestations Occult hyperthyroidism occurs most 
commonly in older patients who rarely present exophthalmos and whose 
sympathomimetic manifestations may be mild and unrecognized To 
add to the diagnostic dilemma the thyroid enlargement may be negli- 
gible The presence of the thyroid tumor may be missed if the swelling 
is retrosternal, intrathoracic or hidden beneath the muscles of the neck 
If the thyroid tumoi is of long duration its importance may be dis- 
counted m the interpretation of the more recent symptomatology This 
group of older patients, presenting little exophthalmos and a long stand- 
ing thyroid tumor, correspond to Plummer’s 4 group of patients with 
secondary hyperthyroidism or toxic adenomata The presenting symp- 
toms in occult hypeithyroidism may be related to the circulatory system 
Boas "' 1 has described a group of patients who seemingly suffered from 
an inexplicable hypertension White , ’ ,2 whose practice is fairly limited 
to patients with circulatory disorders, found that i per cent were thyro- 
cardiac invalids whose circulatory damage resulted from unrecognized 
and long standing hyperthyroidism Another group with occult hypei- 
thyroidism present asthenia and loss of weight Malignant disease is sus- 
pected and the diagnosis of clinical hyperthyroidism may be overlooked 
A notable feature of surgical therapy in occult hyperthyroidism, par- 
ticularly in those with thyrocardiac manifestations, is the tolerance to 
staged operative procedure Patients whose circulatory status would 
seem to indicate desperate risk often progress with amazing and grati- 
fying equanimity 
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It is a wise precaution to exclude actn e tuberculosis m c\ cry instance 
of suspected hyperthyroidism Sympathomimetic manifestations arc com- 
monly encountered m patients with incipient tuberculosis The febrile 
process, due to the infection, causes elevation of the basal metabolic 
rate Temperature records should be written at four hour intervals for 
at least forty-eight hours Careful examination of the chest, including 
radiography, must be performed if serious errors are to be avoided 

The Clinical Txpes of Hxperthxroidism 

No two patients with hyperthyroidism present symptom-complexes 
that are exactly similar Stated positively, each patient with hyperthy- 
roidism presents an individual symptom-complex Plummer 4 believed 
that the clinical types were caused by alteration in the thyroid mole- 
cule He differentiated between true hyperthyroidism resulting from 
an increased output of the normal thyroxin molecule and a second type 
of hyperthyroidism due to an increased output of an altered thyroid 
molecule In primary hyperthyroidism the patients were younger 
Exophthalmos was common The thyroid gland was diffusely enlarged 
The history of metabolic disturbance was of relatively short duration 
The response to iodine was favorable and the suggested surgical proce- 
dure was the approach to subtotal thyroidectomy Those with toxic 
adenomata were m the older group Exophthalmos might be negligible 
or absent The history was of long duration The thyroid enlargement 
presented isolated nodules, presumably toxic adenomata The response 
to iodine was variable and might even be noxious The operative pro- 
cedure was removal of the adenomatous nodule without necessarily 

reducing the surrounding non-tumor tissue 

The hypotheses on which this differentiation was based have never 
been proven It is my belief that the variations result from the altered 
response of the individual end organ to a fundamentally constant meta- 
bolic disorder In animals, the response of the vascular system to a sym- 
pathomimetic drug produces an individual reaction picture that is as 
characteristic as the finger print The reaction picture of each animal 
is always identical provided the sympathomimetic stimulation is the same 
So too m clinical pharmacology, the response of each patient to an 
injected sympathomimetic drug, such as adrenalin, is always identical 
and alv ays indnidual In clinical autonomic imbalance the “reaction 
picture” is mdmdual and identical The individual reaction picture in 
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clinical hyperthyroidism is the result not of differences m the deranged 
physiology but of the response of the individual tissue to a Unitarian 
disorder The practical importance of the Unitarian concept dwells m 
management If Plummer’s hypotheses are accepted, the primary and 
secondary cases of hypei thyroidism must be managed diffeiently both 
medically and surgically If the Unitarian concept is accepted, the man- 
agement of all patients is identical Iodides are never contraindicated 
and may be given to each patient with a reasonable prospect for a suc- 
cessful therapeutic result The surgical procedure is never to be con- 
cerned solely with adenomatous nodules but is directed to the approach 
to subtotal removal of both tumor and non-tumor tissue 

Clinical Features 

The obvious clinical features of hyperthyroidism need no special 
emphasis before this audience A few characteristics warrant brief 
comment Hyperthyroidism occurs most commonly in civilized society 
It is frequently familial and is more common in women than in men, 
though men present the more severe manifestations of the disease Profes- 
sional and sedentary workers are more commonly afflicted than manual 
laborers The disturbance occurs most often in early adult life when 
strife and tension are greatest A disproportionate number of Jews are 
afflicted— a disparity which is also present m the incidence of diabetes 
mellitus Focal infection, particularly in the upper respiratory passages 
and most commonly in the sinuses and tonsils, plays a dominant role 
m the initiation of exacerbations and occasionally m the production of 
toxic storms 

The hyperthyroid patients lack resistance both physically and men- 
tally They are prone to develop any current infectious disease The 
combination of nervousness, asthenia and muscular dystrophy produces 
frequent accidents, and social stress and conflict 

Periarthritis of the shoulder joint, so-called “frozen shoulder,” occurs 
with undue frequency Manipulative treatment under anesthesia gives 
complete relief 

Clinical Course 

Before the popularization of iodine therapy, Kessel and I 53 studied 
the spontaneous course of hyperthyroidism in order that we might 
more accurately evaluate therapeutic procedures The spontaneous 
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course of hyperthyroidism m the majority of patients is tow ard rcco\ cry 
The remissions are interrupted by exacerbations The spontaneous c\ clcs 
of exacerbation and remission may be of greater or lesser sex crity They 
may be brief or protracted In a certain proportion of indix iduals, \ ital 
organ damage, either circulatory or hepatic ,' 4 will arise, terminating 
in chronic imalidism or death Occasionally the dreaded thyrotoxic 
crises wall be experienced 1 '— a large proportion of these terminating 
fatally 

Complications 

Mechanical symptoms arising from the pressure of the enlarged 
thyroid upon adjacent structures may complicate hyperthyroidism 
Marked tracheal compression and distortion may occur without the 
production of subjective symptomatology On the other hand, sub- 
jectme complaints of dysphagia and dysphoma may be present, as the 
result of psychogenic factors (goiterophobia) wnth little or no objective 
evidence of pressure In indix iduals who have had large goiters for many 
years, trachelomalacia may result Trachelomalacia is a genuine surgical 
hazard If its presence is suspected, the surgeon must be prepared to deal 
wnth tracheal collapse during the course of the thyroidectomy 

Malignant changes may occur in a goiter Thyroid sarcomata are 
rarities The diffusely hyperplastic gland rarely becomes carcinomatous 
For the most part, carcinomata dex^elop m adenomata Statistics con- 
cerning the incidence of carcinomatous degeneration in adenomata vary 
according to the criteria of malignancy employed Many of the his- 
tologic phenomena associated with malignancy may be observed m 
benign hyperplasia of the thyroid gland If epithelial changes, without 
vessel invasion, be accepted as evidence of malignancy, then carcinoma 
of the thyroid is relatively frequent, reasonably benign and amenable 
to surgical therapy and irradiation If the criteria of malignancy includes 
the phenomena of invasion of vascular structures, infiltration beyond 
the capsule or evidence of metastases, thyroid malignancy is relatively 
rare, huffily malignant and therapy is all but futile 

Thyroid apoplexies may complicate hyperthyroidism The rupture 
of an artery is uncommonly seen in diffusely hyerplastic glands but 
occurs more often m old cystic goiters xvith markedly sclerosed vessels 
Thyroid apoplexy is one of the few painful thyroid afflictions It is 
readily diagnosed, if suspected Therapy may be expectant since the 
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thyroid capsule will act as a hemostatic 

Vital organ damage occurs in individuals with long standing hyper- 
thyroidism Marine 10 has called attention to the incidence of hepatic cir- 
rhosis Cardiac hypertrophy and dilatation with myocardial and coro- 
nary changes may develop These may terminate in circulatory failure, 
producing the clinical picture of the thyiocardiac invalid 

The most characteristic and ominous complication is the acute 
crisis 55 The thyrotoxic crisis consists in tempestuous exacerbation of 
all preexistent symptoms and, in addition, a febrile reaction of non- 
inflammatory origin The febrile reaction may be low grade or it may 
constitute an alarming and even fatal hyperpyrexia Characteristic of the 
acute crises are the alarming tachycardias and paroxysmal cardiac irregu- 
larities The neurological manifestations may consist either in agitation 
to the point of mama or collapse and coma 

The origin and explanation of these crises are even more obscure than 
those of hyperthyroidism itself Crises may occur m individuals with 
mild evidences of hyperthyroidism, as well as those who are severely ill 
I observed a crisis in a cretin The crisis may occur without provocative 
cause, it may follow an acute emotional upset, an infection, or a surgical 
procedure, which need not necessarily involve the thyroid gland The 
crisis may occur after an appendectomy or tonsillectomy, or the trauma 
of an accident If the crisis follows thyroid surgery, the procedure may 
be one that is technically simple, as a ligation, or one of great magmtude, 
such as subtotal thyroidectomy The thyroid crises are as unpredictable 
as they are violent They constitute a constant threat in prognostication 
Their incidence has been greatly reduced as the result of iodine therapy 

Management 

The management of the individual patient with hyperthyroidism is 
a problem that has many facets Each patient presents a unique situa- 
tion, hence management must be individualized 

The constitutional autonomic imbalance that underlies the clinical 
picture of hyperthyroidism is not amenable to specific therapy Prepa- 
rations of belladonna, ergot and quinine have been suggested and em- 
ployed The use of belladonna is pharmacologically incorrect, since its 
paralyzant effect is upon the vagus rather than the thoraco-lumbar 
system Quinine has no specific action on the involuntary nervous 
system Though \\ idely used, it serves no useful function Ergot, and 
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more specifically ergotamine tartrate, is theoretically indicated In prac- 
tice, however, these drugs have been disappointing We possess no 
modality that can successfully alter the tonicity of the thoraco-lumbar 
system 

The management of hyperthyroidism begins with the attempt to 
eliminate the factors that tend to precipitate exacerbation Tiie most 
important of these is psychic trauma Commonly, the psychic insult is 
characterological or situational It would be impracticable to summon a 
trained psychiatrist to aid m the solution of each clinical problem Com- 
monly the internist, or preferably the general practitioner, is aware of 
the psychic disturbance A sympathetic understanding, patience and a 
desire to suggest social and familial adjustments will usually suffice to 
diminish the burden The cooperation of the family, fellow workers or 
employers may be enlisted General hygiene may be corrected so as to 
permit more rest The friction of every day life may be diminished by 
kindly and thoughtful advice 

Where the psychic trauma is more deeply seated, the help of a trained 
psychiatrist is advisable, if not imperative Psychiatric consultation should 
be postponed until the metabolic abnormality has been corrected 

Focal infection, as the excitant cause for exacerbations, must be 
judiciously managed In the attempt to eradicate foci, particularly m 
the sinuses or tonsils, it should be remembered that the thyrotoxic crisis 
may be precipitated by operative interference anywhere m the body 
Consequently, it is wise to postpone tonsillectomy, for example, until 
after thyroidectomy has been performed If it becomes necessary, xi ith 
the thyroid intact, to eradicate a focus, the same type of preoperative 
treatment as for thyroidectomy is to be employed 

The management of the catabolic excess includes both specific and 

non-specific therapeutic measures 

The non-specific management of the exacerbation requires remova 
of the patient from his environment and institutionalization in order to 
procure mental and physical relaxation Except in the rarest of instances, 
where the home is so luxuriously equipped that complete isolation is 
possible, the patient xuth hyperthyroidism should be admitted for hospi- 
tal care Patients and friends, alike, protest against hospitalization and 
suggest compromises, such as rest at home or in the country , ut t icse 

alternatives invariably fail for one reason or another 

A high calory, high vitamin diet is maintained m order to spare the 
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The non-specific management of the exacerbation requires removal 
of the patient from his environment and institutionalization in order to 
procure mental and physical relaxation Except in the rarest of instances, 
where the home is so luxuriously equipped that complete isolation is 
possible, the patient with hyperthyroidism should be admitted for hospi- 
tal care Patients and friends, alike, protest against hospitalization and 
suggest compromises, such as rest at home or in the country , but these 

alternatives invariably fail for one reason or another 
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tissues from the ravages of the excessive catabolism Sedative therapy 
by day and the hypnotics at night, assist m muting the nervous system 

Professional nursing care, at least during the day, is almost manda- 
tory An intelligent, sympathetic and cheerful nurse should be chosen 
She should be taken into the confidence of the physician, particularly 
concerning situational difficulties that have given rise to conflict between 
patient and relatives She may often tactfully manage the visitors who 
might otherwise be disturbing 

The patient must not be permitted to chafe through idleness A daily 
schedule should be rigidly followed This schedule may be completed 
by hydrotherapy, occupational therapy and visiting by appointment 
A haphazard conduct of the sick-room will defeat the purpose of the 
rest cure The radio, for example, may be used for a limited time 
Under these circumstances it is quieting and sedative provided that 
amusing programs are chosen If turned on casually and left on indefi- 
nitely, it becomes a nuisance 

For the specific management of the exacerbation, an infinite variety 
of therapeutic measures has been suggested Many of these have previ- 
ously been discussed They include drugs such as belladonna, quinine 
and the ergots, glandular preparations such as thymus extract, adrenal 
cortical hormone, the principles of the male and female extracts such as 
estrone and testosterone and anterior pituitary extracts None of these 
possesses any specific therapeutic value Any improvement noted is 
probably a manifestation of the spontaneous remissions characteristi- 
cally seen in the disease 

Roentgen therapy has been widely used for the control of the 
exacerbation X-ray treatments of the thymic and anterior pituitary 
regions are certainly of no specific value Irradiation of the thyroid 
gland has been employed by many workers, notably Means and 
Holmes , 50 and is still widely utilized Hyperplasia of the thyroid gland 
is in no way altered by irradiation Kessel and I could find no appreciable 
difference in the course of patients treated by “skillful neglect” and 
those who had been irradiated Whatever benefits follow roentgen 
therapy of the thyroid gland result either from spontaneous remission 
or psychotherapy— the latter a potent non-specific factor in all types 
of physical therapy If the x-ray therapy has any place in the manage- 
ment of hyperthyroidism, its use may be reserved for patients ineligible 
for thyroidectomy If employed in those in whom thyroidectomy is 
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indicated, irradiation therapy, in my opinion, may be objectionable 
The course of roentgen therapy delays the indicated operative procedure 
w Inch then may be made technically more difficult by the increased 
fibrosis and vascularity of the irradiated tissue 

The re-discovery by Henry Plummer 57 of the aim/ingly specific 
effect of iodine in the treatment of hyperthyroidism constitutes one of 
the greatest of therapeutic achievements Iodine may be given by mouth, 
inunction, injection or inhalation The preparation may be organic or 
inorganic The dosage is conventionally 5 to 10 drops of Lugol’s solu- 
tion three times a day We are as ignorant of the correct dosage of iodine 
as we are of the mechanism by which the effect is obtained Iodine 
should be given to every patient, whether of the so-called primary or 
secondary type, whether the thyroid gland is diffusely enlarged or 
adenomatous The alleged contraindication to the use of iodine in so- 
called toxic adenomata has already been discussed The specific effect of 
the drug is not dependent upon the histology of the thyroid gland 

Iodine therapy should be initiated immediately after the diagnosis 
is established The response to the iodine may be used as a therapeutic 
test If patients are to be institutionalized the drug should be withheld 
until the patient is admitted to the hospital lest the improvement lead to 
the belief that ambulatory therapy is possible 

The iodine reaction in hyperthyroidism consists in an extraordinary 
amelioration of symptoms The effect may be measured by the diminu- 
tion in the tachycardia and the fall of the basal metabolic rate The 
relief of symptoms is initiated within twenty-four to forty-eight hours 
Normality may be approached m two to ten days 

The immediate and dramatic therapeutic result does not occur in 
all patients Occasionally the basal rate will be unaltered or it may actu- 
ally increase Many believe that these failures represented some altered 
reaction The terms “iodine-fast” 58 and “iodine exacerbation”' 0 have 
been employed to describe such instances It is my own belief that the 
response to iodide in hyperthyroidism is always qualitatively the same 
The quantitative differences depend upon the phase of the disease that is 
present during therapy If the drug be administered at the onset of an 
exacerbation its effect will not be as obvious and dramatic as it would be 
if the patient were at the height of an exacerbation or at the beginning 
of a remission The iodine effect is the sum of the specific action of the 
drucr as modified by the violence of the exacerbation If the patient fails 
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to improve with iodine therapy or the symptoms actually increase, not 
only should the drug not be stopped but increased dosage may be 
employed whilst further search is made for the continued operation of 
provocative exciting factors particularly m the psychogenic sphere 

The duration of iodine effect is variable and dependent mostly upon 
the underlying character of the disturbance in the particular patient 
Many individuals with but slight evidences of hyperthyroidism may be 
more or less indefinitely maintained at normal by the continued use of 
the drug Those, however, with moderate or severe hyperthyroidism 
whose spontaneous course is characterized by frequent and violent 
exacerbations may be held m a “compensated” state only long enough 
to permit them to be prepared for surgical procedure Parenthetically, 
it may be stated here that the indications for operative interference 
should not be influenced by the iodine response If surgical intervention 
is to be part of the therapeutic program a favorable iodine response 
must not alter the decision 

Limitation of the use of iodine to preoperative preparation is errone- 
ously conceived, since many patients with mild disturbance may be 
carried along indefinitely by the use of the drug The therapeutics of 
iodine in hyperthyroidism is a relatively simple problem that has been 
complicated by fanciful hypotheses, having to do with iodine fastness, 
iodine exacerbation, and allegedly qualitative differences in response 
where adenomata are present 

The mechanism by which the iodine effect is obtained is completely 
unknown A prion, one would expect iodides to be contraindicated and, 
indeed, from the writings of Trousseau 00 to the notable contributions 
of David Marine 01 this viewpoint was current m medical practice It 
remained for Marine to point the way for iodine therapy in hyper- 
thyroidism and for Henry Plummer 4 to demonstrate its value practically 
and popularize its use 

While conservative therapy, including the use of iodine, will almost 
invariably produce a remission, exacerbations may be surely anticipated 
when the patient is returned to his normal environment and subjected to 
the stress and strain of existence 

Subtotal thyroidectomy offers the patient the quickest return to 
social and economic restitution and a minimal risk of later exacerbation 
With the exception of relatively wealthy patients who can afford to 
be pampered and coddled over a long period of time, the mild cases 
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controlled by iodine and those individuals who are constitutionally 
opposed to surgery, it is my opinion that every patient with hyperthy- 
roidism should be subjected to a thorough-going subtotal thyroidectomy 
The time to operate is to be determined by the clinical course If 
the preoperative therapy succeeds in an approximation of the restora- 
tion to normal, no great time should be lost Where circumstances will 
permit, I am in favor of the “stealing” operation The time for opeiation 
should not be disclosed to the patient, so that the immediate panic and 
anxiety are allayed Oftentimes the surgical procedure must be initiated 
earlier when very anxious and ex-citable patients become increasingly 
worse due to the suspense of the anticipated procedure 

Each patient should have some form of basal anesthetic This may 
be avertin by rectal instillation or a barbiturate such as Nembutal taken 
orally The use of an indifferent enema and lactose capsules for seveial 
days may mislead the patient from realizing the significance of the 
administration of the basal anesthetic 

The choice of anesthetic is a matter that can be determined by 
surgeon and anesthetist, but the decision as to the type of operation is 
one that must be settled between the surgeon and the internist or prac- 
titioner The staged operation has the lower morbidity and mortality 
It should be a matter of policy that if either surgeon or internist thinks 
the operation should be staged, the more radical opinion should yield 
to the conservative opinion 

The decision as to the staging of the procedure should not be made 
at the operating table and more surgery than originally planned must 
not be done merely because things seem to be going well I favor the 
staged operation for patients whose original basal rate was greater than 
a +40 per cent, for those who have lost a great deal of weight and 
t\hose asthenia has been profound, for those whose basal rate cannot 
lapidly be brought to within twenty points of normal, for those who 
are highly agitated, nervous, restless, for individuals whose skins are 
deeply pigmented, for older patients with definite evidences of vital 
organ damage either in the liver or the circulatory system, for those 
who have a persistent hypertension or who have had any type of mental 
disorientation, for any patient who has ever had circulatory failure 
The first stage of operation should rarely be less than a hemi- 
thyroidectomy If ligations are done the surgeon is faced with the 
alternative of multiple operations or a very formidable second stage 
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procedure However, if the patient takes the anesthetic badly, if par- 
oxysmal cardiac irregularity of an alarming degree develops, the opera- 
tion must be stopped at whatever stage the difficulty may arise 

Postoperative treatment should be initiated in the operating theater 
or, at latest, immediately upon the patient’s return to the bedroom An 
intravenous drip of 5 per cent glucose in saline is to be started whether 
or not indications exist After the first liter of fluid, the solution is 
changed to 5 per cent glucose in distilled water since it is unwise to 
overload the patient with salt Iodine is to be given either directly into 
the drip, by rectum or, if the patient is cooperative, by mouth Again, 
the dosage is difficult to estimate but it is common practice to use daily 
from y 2 to 4 cc of Lugol’s solution for the first few postoperative 
days The drip is to be maintained until the patient is wholly cooperative 
and well able to swallow fluids 

Many alarming complications may occur in the first few post- 
operative days The most serious of these is the crisis with or without 
paroxysmal cardiac irregularity Under these circumstances, there is 
invariably an elevation of temperature, as has previously been described 
The vast majority of these postoperative crises are transitory and 
benign Expectant treatment with sedatives or narcotics with continued 
intravenous administration of glucose and fluids will usually suffice In 
the management of the postoperative crises, it is to be remembered that 
many patients with hyperthyroidism exhibit idiosyncrasy to morphine 
and that they are apt to vomit and become more agitated from the drug 
The use of hypnotics such as the barbiturates and paraldehyde is 
considerably safer 

When the temperatures become excessive in the crises, that is beyond 
104° F, antipyretic measures should be employed These include 
sponges, packs, and the use of the coal tars Kessel and I in instances of 
ommous thyrotoxic crises have used intravenous thyroxin m doses of 
5 to 10 mgms This has always been a measure of desperation, based 
on the possibility that the removal of the thyroid tissue produced some 
type of insufficiency m the metabolic economy In a few instances, we 
have had the clinical impression that a specific result was obtained 
This measure, however, is not to be employed unless the situation is 
ominous and the patient progressing unfavorably 

In the vast majority of instances, patients with crises are over- treated 
and may actually suffer from their medication Digitalis is truly contra- 
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HYPERPARATHYROIDISM* 
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&^S2555Z52E£Q vo littion of the Concept and Definition of Hyperpam- 
S S thyroidisvi It is now almost fifteen years since a case 

S E S R- ec bbnghausen’s bone disease was treated for the first 
K 3 time on the supposition that it might be based upon para- 

Q'aszsasasaSHSa thyroid hyperfunction The surgical history of this case 
is both illuminating and somewhat ironic, as will be indicated later on 
At any rate, the dramatic though temporary improvement which Mandl 1 
obtained by removing a parathyroid adenoma from the subject in this 
case turned out to represent the cue to a significant clinical advance 
It is true that pathologists 2 had already noted the common presence of 
a parathyroid adenoma in cases of so-called “generalized osteitis fibrosa 
cystica” of Recklinghausen However, they had not hitherto fully 
grasped the pertinent causal connection between the skeletal alterations 
and the parathyroid lesion 

The aforementioned clinical advance was concomitant with the 


development, by Hanson 3 and by Collip, 4 of chemical methods for the 
preparation of potent parathyroid extracts The experimental approach 
to the question of parathyroid hyperfunction thus also became possible 
Collip found that by injection of his extract (parathormone) he could 
raise the serum calcium level of normal dogs He was further able to 
prevent the onset of, or abolish, in dogs, the hypocalcemia and tetany 
of parathyroprivia— manifestations first interrelated by MacCallum and 
Voegtlin 7 in 1909 In addition, Greenwald and Gross 0 found that in dogs 
the hypercalcemia caused by parathormone was associated with an in- 
creased excretion of calcium and phosphorus through the urine Further- 
more, Albright and his colleagues 7 demonstrated that the effects of the 
injection of parathormone in man were similar to those m dogs In regard 
to the blood, they noted that small doses of parathormone depressed the 
inorganic phosphate level, and raised the calcium level, of the serum 
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In collaboration with Bodansky and Blair, s I w as able to show in addi- 
tion that in various susceptible animals the repeated injection of p ira- 
thyroid extract induces bone lesions analogous m many respects to 
those seen in Recklinghausen’s disease 

Meanwhile, cases confirming the dramatically beneficial effects of 
removal of a parathyroid adenoma in this disease were accumulating 
from many sources 9 The cases in question also showed that, like the 
experimental injection of parathyroid extract, m dogs and human sub- 
jects, the disease tends to be associated with a rise in serum calcium, a 
drop in the inorganic serum phosphate, and an increased excretion of 
calcium and phosphorus in the urine Altogether, then, by about 1931, 
the principal links m the chain of evidence for the idea that Reckling- 
hausen’s disease of bone is based upon parathyroid hyperfunction had 
been forged and connected 

The demonstration of this causal relationship between Reckling- 
hausen’s disease and an offending parathyroid adenoma finally destroyed 
the already waning theory of Erdheim, 10 that parathyroid enlargement 
appearing in association with bone disease should be regarded as sec- 
ondary to, and compensatory for, the bone changes On the basis of 
the Erdheim hypothesis, Mandl himself, in the case which later became 
classic, resorted at first to homoplastic parathyroid transplantation 
However, when he found that the condition of the subject was aggra- 
vated by this procedure, he used the opposite one of searching for, and 
removing, the enlarged parathyroid known usually to be present in these 
cases Nevertheless, though the Erdheim theory has had to be abandoned, 
we should not forget that Erdheim was a pioneer in appreciating the 
importance of parathyroid-skeletal interrelationships 

Guided especially by the recent work of Castleman and Mallory, 11 
the present tendency is to classify parathyroid enlargement in general 
as taking the form of either a neoplasia or a hyperplasia Parathyroid 
neoplasia, which is relatively uncommon, usually affects a single gland, 
though occasional instances of tumorous or neoplastic enlargement of 
two glands have been encountered Parathyroid hyperplasia affects all 
(that is, the theoretical four) parathyroids Even if one or tw r o of the 
glands are not grossly enlarged, they at least show microscopic evi- 
dences of hyperplasia Parathyroid hyperplasia has been subdivided into 
primary (or idiopathic) and secondary hyperplasia This division is 
made on the basis of absence or presence, respeem ely, of some plausible 
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instigating factor, and also on the basis of certain differences in histo- 
logic detail In Recklinghausen’s disease of bone, the parathyroid dis- 
order is usually a neoplasia, though occasionally an idiopathic hyperplasia 

Secondary parathyroid hyperplasia is encountered not infrequently 
in rickets and osteomalacia and sometimes also in Paget’s disease of 
bone, carcinoma extensively metastatic to the skeleton, multiple mye- 
loma, Cushing’s syndrome, etc It is commonly found in cases of chronic 
renal insufficiency In fact, secondary parathyroid hyperplasia is found 
more regularly, and is more pronounced on the whole, in connection 
with chronic renal insufficiency than with any other condition in which 
it has been reported 

It is the climco-pathologic effects of parathyroid hyperfunctioning 
that represent what we shall mean by hyperparathyroidism It is the 
pathology, the clinical aspects, and the differential diagnosis of hyper- 
parathyroidism arising in association with neoplastic or idiopathic diffuse 
parathyroid enlargement that will mainly concern us for the rest of this 
paper Since we do not know what instigates the parathyroid hyperfunc- 
tioning in these cases, we can think of them as instances of primary 
hyperparathyroidism The question also arises whether, in cases mani- 
festing secondary parathyroid hyperplasia, parathyroid hyperfunction 
ever becomes severe enough to induce pronounced skeletal and other 
tissue changes in its turn The answer to this question seems to be in 
the affirmative, notably in connection with long-standing chronic renal 
insufficiency associated with pronounced parathyroid hyperplasia sec- 
ondary to the renal disease Indeed, recent observations have established 
unequivocally the existence of an important kidney-parathyroid inter- 
relationship The hyperparathyroidism appearing under such conditions 
may be regarded as a complicating or secondary hyperparathyroidism 

Incidence Primary hyperparathyroidism, while not a common 
disease, is not rare Its incidence seems to be at least two or three times 
as high among females as among males It occurs most frequently be- 
tween the ages of 30 and 60 While it is not uncommon at other ages 
ilso (notably between 20 and 30 years), it seems to be definitely rare 
below 10 years No racial, hereditary, dietary, or environmental factors 
in the incidence of the disease have been definitely established How- 
e\ er, it seems \\ orth noting in this connection that Goldman and 
Smyth 1- do report tx\ o cases appearing m the same family, one in a girl 
of 17 and the other m her brother of 23 Also, I have the impression 
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that the disease used to be more common 20 or 30 years ago than 
it is now, albeit it was then often misdiagnosed as osteomalacn, or 
senile osteoporosis or osteomalacia I have gained this impression from 
study of the pathologic material and notes of the late Professor Erd- 
heim,'’' having found such cases particularly abundant for this earlier 
period The material also shows that when female subjects suffering 
from the disease became pregnant, the disease was strongly aggravated 
Cowse of the Disease The onset of the disease is usually insidious 
and its course protracted The subjects are likely to complain early of 
vague, aching pains, especially in the limbs, and of stiffness in joints 
The clinical manifestations may be misinterpreted for months or years 
Indeed, the presence of the disease is sometimes not suspected until the 
dramatic fact of a pathologic fracture leads to the diagnosis The way 
to the latter is also sometimes first opened up through the discovery of 
a bone swelling Indeed, I personally have seen two cases in which den- 
tists had made the proper association between a so-called giant-cell tumor 
of a jaw bone and an existing hyperparathyroidism Furthermore, there 
are many cases in which renal symptoms, and notably those of renal 
calculus, are the presenting ones and the skeletal alterations are m the 
background or even equivocal Occasionally, gastrointestinal symptoms 
such as attacks of nausea and vomiting are prominent and even the 
presenting phenomena, if the skeletal alterations are not clinically 
obvious, may confuse the clinician as to the true nature of the condition 
Unless the offending parathyroid tissue is removed, the disease usu- 
ally progresses until the patient is hopelessly bed-ridden in consequence 
of pain, repeated fractures, and deformities (Figs 1, 2) There is wide 
variation in the speed w ith which this course is run In one of the cases 
\\ hich I studied from the Erdheim material it was completed in eight 
months, while in another it was completed in three years However, 
e\en three years represents a relatively short course, for many cases 
seen today in which the patients are not yet badly deformed already 
have a relevant history dating back longer than this Fortunately, the 


* ih.s is the personal ii.iter.al .wiled by the late pathologist. Professor Jakob Erdheim 
ot X ann >, to Ins former assist mt ind friend, the 1 ite Dr Lrnst I round, more reccn 
of Los Xngeles, and brought to tins country b. Dr Philipp Rc/ek, now of M.a , 
Florida It ...s bequeathed b. Dr Freund to ...e, and 1 am no., lining it estib she 
at the Hospit.l for Joint D.seises as a museum to the memor. of Professor Lr. he.. 

1 ...sh to acknowledge this collection is the source of some of the pathologic mater, 
used in connection with this lecture 
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condition is now usually properly diagnosed and treated before it his 
ad\ anced enough really to devastate the skeleton If the condition is 
allowed to go unchecked, death ensues, usually in consequence either 
of uremia or of an intercurienc disease such as pneumonia 

General Pathology oj the Skeletal Changes More and mote fre- 
quently, we now encounter clinical cases of hyperp lrathyroidism in 
which, even roentgenographically, there is still little if any evidence of 
skeletal involvement These cases are picked up at this early stage because 
observers are now alert foi the disease and because theie are now 
established laboratory criteria for its diagnosis Formerly, such cases 
were picked up only incidentally at autopsy, the subjects having 
died from some other cause In cases of hyperparathyroidism with 
minimal skeletal involvement, the gross changes so far as the bones are 
concerned may consist merely of a slight porousness of the veitcbral 
column, ribs, pelvis, and long bones 

Microscopically, in these cases with very slight skeletal changes, 
the bones show merely a mild degree of generalised osteoporosis and 
fibrosis This stands out more clearly in some bones— notably the ribs, 
the femora, the jaw bones, and the bones of the vertebral column— than 
in others such as the bones of the hands and feet The spongy trabeculae 
of the affected bones are found perforated by, and surrounded by, ti rets 
of connective tissue (Fig 3) The cortices of these bones show en- 
larged vessel canals containing abnormal amounts of connective tissue 
On the walls of the trabeculae and vessel canals where the resorption 
has been going on, osteoclasts and Howship’s lacunae are in evidence 
In these cases, little if any new bone has yet appeared m the connective 
tissue that is replacing the original osseous tissue 

Progression of the disease in the skeleton is characterized by incicas- 
ing resorption of the original osseous tissue and increasing replace- 
ment of it by connective tissue in which new bone is formed How ever, 
the substitute bone, which is rather primitive histologically, tends to 
remain moderate in amount and not to be particularly rich in calcium 
Eventually, in a severely affected bone, the internal architecture shows 
extensive modification and there may no longer be any vestige of original 
osseous tissue 

This status is approached through broadening and thickening, fol- 
low ed by merging of the tracts of connective tissue surrounding and 
replacing the spongy trabeculae (Fig 4) In this v ay, large fibrous scars 
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Fig 3 — Photomicrograph n 125 from an early ease showing dissection and perforition 
of the original trabeculae at the end of a long bone by tracts of connective tissue 
Much of the intertrabecul lr marrow is still fattv, and as yet there is little if inv 
evidence of new bone formation in the substituting connective tissue 

Fig 1 — Photomicrograph \G from an advanced case, showing substmtul rcpluunent 
of the spongiosa at an end of a long bone bv connective tissue ind new bone which, 
m tlie lower left hand corner, c in be seen to have formed a nthcr dense sc ir 


are formed in the place of the original spongiosa Though connective 
tissue and new bone substantially or completely replace the original 
cortical bone, too, reactive periosteal new bone deposition is lacking 
except it sites of fracture The corneal thickening which one occasion- 
ally encounters in a bone even without fracture can be shown to have 
taken place on its medullary side In the transformed cortex and spon- 
giosa one may encounter small or larger brownish fibrous scars repre- 
senting the so-called brown or giant-cell tumors Smaller or larger cysts 
may also be found, but these are by no means as common anatomically 
in hyperparathyroidism as the synonym, “generalized osteitis fibrosa 
cystica,” would imply (Fig 5) In very severe cases, fractures, and the 
consequences which they entail in the form of hemorrhage, reacme 
callus formation, and malalignment complicate and confuse the anatomic 
picture in the different bones 

As to the distribution of the skeletal lesions, one w ould expect that 
since the action of parathyroid hormone upon the osseous system occurs 
through the blood stream and circulating tissue fluid, the bones would 
be e\ enly affected As a matter of fact, in any given case, all do show 
imolvement to some extern They are by no means evenly affected, 
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Tig 5 — Fhotogr iph of luimeius of i lO-ceir-old girl who li id sutkied from Inpci pur i- 
thvroidism lhe defornutv it the heud-sluft junction de\ doped it the site of u tricturc 
the inijor marrow cacitv is mtict ind contains imeloid and fitt\ in irrow 1 lie shaft 
cortex is complcteh trinsformed At the cortex is occupied ilmost throughout its 
thickness 1>\ a “hrown’ tumor 

Fig G — Photomicrograph xG showing, on a 1 irger scale, part of the hrown tumor and 
cortex nbo\e it from the humerus pictured in Fig 5 


how e\ er On the w hole, it is those bones and bone regions which are sub- 
jected to the strongest functional stress and strain that arc the most 
likely to be seriously implicated in hyperparathyroidism The tendency 
toward pronounced involvement of the long tubular bones and the 
vertebral column, for example, becomes understandable on this basis 
Nevertheless, there may be discrepancies, in the degree of involvement, 
between two bones (such as the femora) which, in theory, would be 
expected to be equally implicated Such differences may logically be 
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attributed to the presence of special complicating factors such as infnc- 
tions or fractures, or the favoring of one side at the expense of another 
in such a way that the latter would be more likely to develop pro- 
nounced lesions The importance of functional trauma in the localiza- 
tion of the skeletal lesions is especially striking in the case of the terminal 
phalanges, which, in contrast to the middle and basal phalanges, are 
likely to undergo particularly severe changes leading to clubbed fingers 
Even w'hen the skeletal lesions are far advanced, the fully developed 
erupted teeth do not become involved in the general decalcification, 
although they may fall out m consequence of involvement of the jaw 
bones Indeed, as Thoma n has shown, these teeth may even be hyper- 
calcified The developing teeth in man tend to show' pronounced defects 
in dentin formation In conformity with this finding, Schour and Ham 14 
noted that in rats suffering from acute hyperparathyroidism the new ly 
forming dentin of the incisor teeth may show deficient calcification 
Cysts and Broun Tuviois The nature and pathogenesis of these 
lesions, and their significance in the total skeletal picture of hyperpara- 
thyroidism present very complex problems Anatomically, gross cysts 
and tumors are much less frequently encountered than the generally 
prevalent concept of the disease w'ould lead one to expect It is true that 
even in relatively early cases the bones may show cyst-like shadows 
rocntgenographically However, there is no proof that these shadow's 
do not represent merely fibrous foci which have caused defects in the 
cortex or in die spongiosa and cast cyst-like shadows without actually 
being cysts Indeed, this can be deduced from general experience with 
solitary bone lesions casting shadows suggesting cysts On surgical ex- 
ploration, these shadow's very often turn out to represent merely areas 
of cortex or spongiosa w Inch ha\ e undergone partial or complete re- 
placement by cartilage, by fibrous tissue, by granulomatous tissue, etc 
Furthermore, it is difficult to state wuth certainty how cysts form when 
they do form in cases of hyperparathyroidism It seems likely that the 
majority of them represent merely fibrous masses or brown tumors 
w Inch ha\ e undergone cystic degeneration after ischemia or hemorrhage 
The problem of the brown tumor in hyperparathyroidism is even 
more perplexing than that of the cyst The impression which one 
obtains from the literature is that this lesion is more or less the exact 
counterpart of the solitary giant-cell tumor of bone Our own findings 
are not in harmonv, on the whole, with this conception First of all, it 
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Fig 7 — Photonuciograph \(» of i ritiier compltteU ti insformctl cilvauum showing, m 
tile upper pirt of the picture, <1 large fibrotic ire i which, in the gross, appeared brown- 
ish and winch repiesents i so-called brown tunioi 


seems clear that the histologic criteria for the diagnosis of solitary 
giant-cell tumor of bone ought to be kept much narrower than they 
are The tendency to label as a giant-cell tumor any fibrous lesion or 
scar m bone which contains a few osteoclasts is to be deplored It is this 
loose labeling that is responsible for the inclusion, in classifications of 
bone tumors, of such categories as “the osteitis fibrosa variant of giant- 
cell tumor” and “the giant-cell variant of osteitis fibrosa ” 15 Strictly 
defined, a solitary giant-cell tumor of bone is a true neoplasm which 
originates from mesenchymal connective tissue and in which the stromal 
cells and the giant cells show a close histogenetic relationship Further- 
more, m such a tumor, one should be able to see evidence that the giant 
cells are being formed from the stromal cells and also that the giant 
cells are abundant, are a significant part of the histologic picture, and 
do not resemble ordinary osteoclasts 

The brown tumors of hyperparathyroidism usually do not meet 
these criteria (Figs 7, 8) In them, as a rule, the giant cells are rela- 
tively sparse and quite closely resemble the osteoclasts present beyond 
their immediate area Altogether, the brown tumors m hyperpara- 
thyroidism seem to represent small or larger fibrous scars containing 
some osteoclasts However, the strict interpretation of them m this way 
encounters an obstacle This is represented by the conditions obtaining 
when a brown tumor of a jaw bone irrupts under the gum in the form 
of an epulis In these cases, for some obscure reason, the histology of 
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I lg S — Photomicrograph \100 showing the detuls 
at the penpher\ of the lesion lhe fibrous stroma 
and gnnt tells of the brown tumor irei ire not 
cssentiulh different from these elements in the 
neighboring tissue 


the lesion under the gum resembles that of solitary giant-cell tumor 
mote closely than that of a brown tumor elsewhere in the bones in 
hyperparathyroidism Through the courtesy of Dr Blum and Dr Get- 
tinger, I have had occasion to examine pertinent tissue from the gum 
and jaw bone in two known cases of hyperparathyroidism with jaw 
imolvement In these cases, though the cytology of the epulis lesion 
resembled that of solitary giant-cell tumor, it appeared to me that that 
part of the brow n tumor loc ited in the jaw proper still retained some 
of the features of a fibrous scar w ith osteoclasts It is difficult to under- 
stind why epulids in hyperparathyroidism should thus bear a special 
resemblance to solitary giant-cell rumors Possibly it has something to 
do w ith functional trauma and hemorrhage into the lesion Possibly also, 
e\cn outside of jaw regions, such factors may have a similar influence 
upon a brow n tumor \\ e can only say that our ow n material show ed 
nothing of this kind 

Pathology of the Extra-Skeletal Changes As has already been noted, 
the parathyroid abnormality in h\ perparathyroidism may be of the 
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nature of an adenoma or of a hyperplasia When the abnormality is 
adenoma formation, the tumorous growth is usually limited to a single 
gland As often as not, the adenoma is composed almost solely of 
typical chief cells, and when it is not, it still contains some chief cells 
When the abnormality is a hyperplasia, it involves the theoretical four 
glands, and the hyperplastic glands are composed of water-clear cells 

Aside from the parathyroids, the kidneys are the extra-skeletal 
tissues most likely to be affected m hyperparathyroidism Indeed, with 
the parathyroid disorder as the apex of the pathologic triangle, the two 
important sides of it are skeletal lesions and renal lesions Of the latter, 
renal calculi are among the commonest Somewhat more than one-third 
of the cases of hyperparathyroidism presenting roentgenographic evi- 
dence of bone lesions also show renal calculi Furthermore, the incidence 
of renal calculi is even higher if one includes cases of hyperparathyroid- 
ism which as yet do not show clear-cut roentgenographic evidence of 
skeletal involvement For these reasons, determination of the serum 
calcium seems clearly indicated in all cases of renal calculus, and if this 
value is found above normal the skeleton should also be roennjeno- 
graphed 

Nephrocalcmosis is another important, though much less common, 
renal complication, and may appear independently or in association with 
calculi The calcium deposition is mainly peritubular and is likely to 
obstruct the tubules and interfere with their function Kidneys damaged 
by the presence of calculi or nephrocalcmosis may also show evidence 
of superimposed infection in the form of pyelonephritis Altogether, 
chronic renal insufficiency is very likely to appear This in its turn prob- 
ably increases the parathyroid hyperfunction and hence exacerbates the 
state of hyperparathyroidism If the kidneys have been damaged irre- 
vocably, the chronic renal insufficiency may exert its effects upon the 
parathyroid glands remaining after removal of an adenoma Especially 
in cases with severe renal insufficiency, widespread metastatic calcifi- 
cations may be present in many soft parts, including the subcutaneous 
tissues and arteries 

Differential Diagnosis A number of conditions may present prob- 
lems of differential diagnosis in relation to hyperparathyroidism It is 
immediately helpful to remember that the latter disease is, after all, 
relatively uncommon Because of this fact, in weighing whether a given 
obscure case is or is not one of hyperparathyroidism, the burden of 
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proof lies upon the affirmatn e side The conditions whose manifesta- 
tions sometimes raise this problem of differential diagnosis include ado- 
lescent rickets and osteomalacia, senile osteoporosis, carcinoma exten- 
sively metastatic to the skeleton, multiple myeloma, Paget’s disease, and 
polyostotic fibrous dysplasia 

Before proceeding with the discussion of differential diagnosis, it 
seems advisable to consider the question of protracted renal insufficiency 
In the latter condition, both in childhood and in adult life, hyperpara- 
thyroidism may be present as a complicating or secondary disorder even 
if renal disease is the underlying one The pronounced osseous changes 
occurring in cases of renal rickets are well known and have been ade- 
quately described In fact, solely on the basis of histologic study of bone 
sections, it is usually not possible to tell whether one is dealing with a 
case of renal rickets or one of hyperparathyroidism It is true that in 
the former condition one does not see the brown tumors and cysts, but 
these are not necessarily to be found in hyperparathyroidism either 
Extensive osseous changes have also been observed in a few cases of 
chronic renal insufficiency in adults, m which they have usually been 
denoted as generalized osteitis fibrosa In these cases there was pro- 
nounced enlargement of the parathyroids, such as one sees also m cases 
of renal rickets Altogether, the osseous findings in these cases may be 
regarded as the adult equivalent of those noted in renal rickets of child- 
hood In the presence of such pronounced osseous changes, secondary 
hyperparathyroidism can safely be inculpated as a factor contributing 
to the causation of the bone lesions Anderson 10 has recently reviewed 
the whole question of hyperparathyroidism in relation to renal disease 

Of further interest in regard to the relation of chronic renal insuf- 
ficiency to the osseous system are certain findings which were recently 
noted by my former associate, Dr Ginzler, and myself 17 In the usual 
run of cases of chronic renal insufficiency revealing mild degrees of 
parathyroid hyperplasia at autopsy, w'e have routinely examined bones 
from various parts of the body Our observations in regard to these 
cases may be summarized as follows The bones, though usually not 
altered grossly, often reveal, on microscopic examination, mild but 
clear-cut fibroporotic changes in the spongiosa In these cases, the spongy 
trabeculae show scattered resorption lacunae containing osteoclasts and 
connective tissue, and some of them may also present, here and there, 
deposits of new bone Occasionally— and specifically when the renal 
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insufficiency has been very protracted— the bones will be found e\en 
grossly altered In these cases, the spongiosa is close-meshed, and the 
trabeculae are thickened and distorted, so that altogether the skeletal 
condition amounts to an osteosclerosis The microscopic observations 
indicate that the osteosclerosis has developed through gradual accretion 
of new bone, despite the alternation of reparative with resorptive 
processes that must have been going on for a long time 

Only Rutishauser ls has described osseous changes sometimes rising to 
the level of osteosclerosis m patients with renal disease in whom second- 
ary hyperparathyroidism was probably a factor, though only a subor- 
dinate one, m the development of the bone lesions What probably 
underlies most of the bone changes in these cases is the chronic acidosis 
due to the renal damage 

We turn now to adolescent rickets and osteomalacia We all know 
that adolescent rickets is by no means as common in the United States 
at present as it was thirty or even ten years ago In fact, at our hospital, 
despite the high proportion of negroes in its ward and out-patient popu- 
lation, we practically no longer see cases of adolescent rickets In the 
rare instances in which hyperparathyroidism appears in children, it may 
be mistaken for adolescent rickets This is so because, like rickets, it tends 
to lead to generalized demineralization of the skeleton, widening of the 
epidiaphysial regions, deformation of the thoracic cage, coxa vara, and 
knock knees or bow legs However, in view of the rarity of both genuine 
adolescent rickets and hyperparathyroidism, children now found pre- 
senting these skeletal abnormalities are more likely to be suffering 
from so-called renal rickets or idiopathic steatorrhea than from either 
of the other two disorders Serum calcium and phosphorus determina- 
tions of course aid in the differential diagnosis In cases of idiopathic 
steatorrhea the gastrointestinal history also sheds light Furthermore, in 
cases of adolescent rickets, renal rickets, and idiopathic steatorrhea one 
does not find such roentgenographic bone shadows as would indicate 
the presence of cysts and so-called brown tumors 

Genuine osteomalacia of adults-that is, the osteomalacia of calcium 
deprivation and added vitamin D deficiency-has always been rare in this 
country This is the osteomalacia which is associated with repeated preg- 
nancy or pregnancy of young girls and which is still endemic m parts of 
China and India Occasionally, m this country, we do encounter a spor- 
adic instance of non-puerperal bone softening which simulates genuine 
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osteomalacia but docs not respond to the usual treatment for this condi- 
tion At any rate, in cases of osteomalacia, as contrasted w ith hyperpara- 
thyroidism, the serum calcium value is it most, barely up to the normal 
and is usually subnormal Furthermore, m osteomalacn, the roentgeno- 
graphs of the skeleton do not re\ eal the cysts and “brow n tumors” not 
uncommon in hyperparathyroidism, nor are the bones usually is much 
rarefied as they are m an advanced case of hyperparathyroidism In 
their general tenor, these remarks are true also in relation to nutritional 
and hunger osteoporosis 

Occasion illy, senile osteoporosis, too, is mistaken for hyperparathy- 
roidism It may be worth mentioning, how'ever, that I have seen 
definitely fewer instances of senile osteoporosis in recent years than 
I formerly saw This fact seems to reflect the recent advances in our 
knowledge about nutrition, and the raised standards of care for the old 
Of considerable aid in the differential diagnosis is the fact that in senile 
osteoporosis the serum calcium, phosphorus, and phosphatase activity 
values are normal unless fractures are present In the presence of the 
latter, the phosphatase activity value may be found elevated but not, 
of course, the serum calcium value 

Cancer extensively metastatic to the skeleton sometimes also raises 
the problem of differential diagnosis, although confusion on this point 
c in be easily avoided The diagnostic difficulty is most likely to appear 
if, is happens in rare, extreme cases, the metastatic bone involvement is 
associated with a hypercalcemia In any event, even if the primary 
growth is not clinically evident, there is one roentgenographic feature 
w Inch can prevent the diagnostic error This is the fact that in cancer, 
no matter how extensive the rarefaction of certain bones may be, or 
how strongly their ippearance may suggest Recklinghausen’s disease, 
other bones, and sometimes even parts of badly affected bones, will be 
found relativ ely normal roentgenographically In Recklinghausen’s dis- 
ease, on the other hand, when some bones are badly affected, all the 
rest w ill be found at least somew'hat altered 

Xot intrequently, indeed, I have observed cases of multiple mye- 
loim which hive been misinterpreted, at least temporarilv, as instances 
of hyperparathyroidism I suppose it is the relam ely common finding 
of a hypercalcemn m multiple m\ eloma that is at the bottom of this 
confusion Howev er, m the presence of this finding, further investiga- 
tion of the blood will reveil a hyperproteinemia with an inversion of the 
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albumin-globulin ratio The latter finding should be immediately recog- 
nized as the cue to the presence of multiple myeloma Furthermore, mul- 
tiple myeloma is characterized by the fact that the serum phosphatase 
activity tends to remain normal, no matter how extensive the skeletal 
involvement may be It is conceivable that if the serum phosphatase 
activity is measured at a time when numerous fractures are in the pro- 
cess of healing, this activity may be found slightly increased, but the 
increase does not attain the level that it usually shows in advanced 
cases of hyperparathyroidism In addition, it is well known that a good 
percentage of cases of multiple myeloma also show, sooner or later, a 
Bence-Jones proteinuria 

Actually, a proper appreciation of the roentgenographic appear- 
ance of the calvarium in cases of multiple myeloma should suffice to 
prevent confusion with hyperparathyroidism, irrespective of the roent- 
genographic findings elsewhere The small punched-out areas of rare- 
faction in the calvarium are rather typical for multiple myeloma and 
are not found in hyperparathyroidism The rarefactions of the calvar- 
ium in Hand-Schuller-Christian’s disease are usually much less numerous 
and much larger The so-called circumscribed osteoporosis of the cal- 
varium found early in involvement of the skull in Paget’s disease is also 
easily distinguishable, on the basis of the small number and large size of 
the rarefactions, from cranial involvement m multiple myeloma Finally, 
reference should be made to the hyperplastic parathyroids sometimes 
to be found at autopsy in cases of multiple myeloma I am inclined to 
think that the hyperplasia in these cases is secondary to the renal insuf- 
ficiency so often developing in the course of the disease 

Paget’s disease should no longer ever be confused with Reckling- 
hausen’s The total picture— clinical, biochemical, and roentgenographic 
—is clearly different The pathologico-anatomic picture is also decidedly 
different One does not find, in hyperparathyroidism, the large circum- 
scribed areas of rarefaction of the calvarium that are characteristic of 
the early stages of Paget’s disease of the skull In uncomplicated cases of 
Paget’s disease the serum calcium and phosphorus values are normal 
However, very rarely, one encounters a case of Paget’s disease in which 
routine biochemical study reveals a definite hypercalcemia A few cases 
of this type ha\e been subjected to exploration of the neck for a para- 
thyroid adenoma, \\ hich indeed was found However, in these cases, the 
extirpation of the adenoma did not influence the course of the Paget’s 
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disease These cases must be interpreted as instances of Pigets discise 
complicated by hyperparathyroidism, oi it leist is instances of the 
coexistence of the two diseases in the sime subject 

A condition which is frequently and unnecessarily misdiagnosed as 
hyperparathyroidism is “polyostotic fibrous d\ splasia,” w Inch my col- 
league and associate, Dr Lichtenstein, ^ named ind recently described 
in dctnl, emphisi/ung especially its pathology Clinic il reference to the 
condition had previously been made under such names is “unilitcnl 
fibrous osteodystrophy,” “unilateral Recklinghausen’s diseise,” “dissem- 
inated osteitis fibrosa,” “osteitis fibrosa m multiple foci,” etc 

The condition is a skeletal developmental anomaly affecting seaeril 
or many bones, with predominantly unilateral imolvement The iffcctcd 
bones show filling of their medullary cavities by gritty, grayish-white 
fibrous tissue containing trabecul ae of newly formed primitix e bone 
Islands of cartilage may also be found in the fibrous tissue filling the 
marrow cavity The condition apparently results from pen erred ac- 
tivity of the specific bone-forming mesenchyme It usually mimfcsts 
itself in childhood or early adult life and evokes slowly, pursuing a 
protracted clinical course characterized by pain, deformity, and 1 ten- 
dency to pathologic fracture of affected bones Precocious menstruation 
in girls suffering from severe forms of the disease has been described by 
Goldhamer,- 0 by Borak and Doll,- 1 and more recently by Albright and 
associates-- The presence of hyperpigmentation of certnn ireas of the 
skin, apparently due to excessne melanin content, has also been men- 
tioned by Goldhimer and particularly stressed by Albright and his 
associates The precocious menstruation and hyperpigment in on ire ap- 
parently seen only in very severe cases whose clinic il manifestations 
la avc begun \ cry early in life 

It is probable that the precocious menstruation and other endocrine 
phenomena, manifested in only a small proportion of these eases, result 
from damage to structures at the base of the brain from imohement of 
underlying skull bones Indeed, one exhibitor at this Fortnight is demon- 
strating se\cral of these speciil cases under the heading of “A rire 
Lndocrmop ath\ probably of Pituitar\ -Fix pothalamic Origin ” Another 
is show ing a number of them under the heading of “A S\ ndrome eh lr- 
lcterized b\ Prccocitx m Females, H\ perpigmentation, and dissemi- 
nated Osteitis Tibrosa ” All these cases would tall into their proper plaee 
as instances of particularlx severe pol\ ostotic fibrous d\ splasia with sec- 
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ondary phenomena due to damage of the base of the biam and possibly 
nen es One should beat in mind that the great majority of cases of tins 
disease show no such secondary phenomena and that indeed even the 
osseous changes may be limited to a few bones developing from a single 
limb bud 

It is because roentgenographically the affected bones appear wid- 
ened, show thinned cortices, and often present appearances suggesting 
the presence of cysts that these cases are so often misinterpreted as 
instances of hyperparathyroidism At least five or six cases of the 
seventeen which have come under my personal observation had previ- 
ously been thus misdiagnosed and had consequently been subjected to 
a vain search for a parathyroid tumor The fact that the lesions are unilat- 
eral or mainly unilateral and that the unaffected bones are normal should 
be enough to exclude hyperparathyroidism Furthermore, the serum cal- 
cium value is normal m practically all cases of polyostotic fibrous dys- 
plasia Occasionally however, it may be slightly above the upper limit of 
the normal For instance, it was i r o mg in one of our cases 

Tieatvient, Varathyroidectoviy In principle, the treatment consists 
of surgical removal of the offending parathyroid tissue When this is 
successful, the pathologic state is abruptly arrested and soon begins to 
be reversed In fact, substantial healing of the skeletal lesions may be 
manifest within a few months, even to the point of great reduction in 
the size of cysts and brown tumors On the other hand, deformities do 
not become spontaneously corrected to any great extent after they have 
once developed 

Churchill and Cope 23 and Lahey and Haggart , 24 among others, have 
discussed the surgical problems involved, and also describe technical 
procedures facilitating accession to aberrantly located enlarged para- 
thyroids In at least four out of five cases of hyperparathyroidism, the 
offending parathyroid tissue consists of a single parathyroid adenoma 
Occasionally, two adenomata are encountered at operation, in which 
case both should be removed However, there are also cases (such as 
that of Hellstrom 25 ) in which, after the removal of one adenoma, the 
impermanence of the resultant remission of the symptoms forces one to 
the conclusion that another adenoma must have been present which was 
missed In addition, there are cases m which the possibility exists that the 
second adenoma only developed some years after the first one had been 
removed Indeed, this seems to have been what happened m Mandl’s 
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origin il case After hating nmnnined rcimrkiblc linprot uncnc tor 1 
number of yeirs, the subject suffered a rchpsc, md this w is logic iil\ 
attributed to the de\ elopmcnt of another adenonn The iron\ ot the 
situ nion is tint, 011 rc-c\ploration, Mindl- 0 w is 1111 ible to find 1 second 
adenoma, the litter probably being aberranth located 

If, as is the ease sometimes, the hyperparath\ roidism is being cuised 
by idiopathic panthyroid hyperplasia instead ot ldcnonu tornnuon, 
the surgical treatment presents particularly knotty pioblenis This is so 
because ill four of the glands mi) be hyperplistic and there is dinger 
of intractable tetany if all four ire remosed On the other hind, if all 
four arc not enhnjcd, there is no assurance that the rem 111111111 child or 
glinds will not subsequently undergo hyperplasia md thus induce re- 
currence of the symptoms Albright and associitcs* 7 recommend tint 
three of the hyperplastic pirathyroid glands be removed and the fourth 
partially extirpated so that at most no more than lbout 400 mg ot 
pirithyroid tissue remains In their experience, the effect of this pro- 
cedure upon the state of hyperparathyroidism was to correct it perm 111- 
cntly so far as present indications go Aly experience with one case of 
this type, in which only twm hyperplastic glinds w ere removed, w r as that 
there wais a rapid recurrence of all the manifestations of Iiypcrp lr ithy- 
roidism watlnn a few' months It has occurred to me that in such cases 
it might possibly also be advantageous to remme three of the parith)- 
roid glinds and all but a tmy fragment of the fourth and immediately 
transplint some of the parithyroid tissue into the abdonnnil wall Here 
it would be easily aiailable should removal of additional parathyroid 
tissue be indicated later on In any event, in these cises, the surgeon 
must recognise the danger on the one hand of recurrence of the hyper- 
piruhyroidism from regrowah of the remaining stump and on the 
other of the development of intractable h) poparathyroidism from dam- 
igc to the essential remaining tissue 

Postoperative Complications and Precautions Hypoparathv roid tet- 
im issocnted with the de\ elopmcnt of 1 hypoc ilcenin is 1 common 
postoperun c complicition Often on the day following the opermon, 
numbness md tingling— precursors of the tet my— already ippear in the 
fingers md toes Another postoperam e complication w Inch is common 
is oligun i This usu illy corrects itself, how e\ er, after a few da\ s It m ly 
be noted tbit if, it the ume of operation, ad\anced renal damage 
(nephrocalcmosis or p\ eloncphnns) exists, greit danger of subsequent 
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death from uremia \\ ill remain 

Immediately after parathyroidectomy, precautions should be nken 
to prevent the onset of tetany Large amounts of soluble calcium silts 
given by mouth are often effective Because of the rapidity with which 
calcium salts are eliminated after ingestion, it is also desirable to give 
them frequently For instance, 4 grams of calcium lactate may be given 
every 2 or 3 hours during the day and perhaps somewhat less often 
during the night When the presence of tetany makes prompt effects 
urgent, the intravenous injection of 10 cc of calcium lactate or gluco- 
nate may be necessary If the administration of calcium by mouth does 
not adequately elevate the serum calcium, the desired result can be 
achieved through the supplementary injection of parathormone To 
this end, 10 or 20 units of the parathyroid extract may be given several 
times daily for a while (subject to control by determinations of the 
serum calcium) In addition, the diet of patients suffering from latent 
tetany should be low in phosphorus It may well be supplemented by 
large therapeutic doses of viosterol (60 to 90 drops, three times a day), 
or any of the more potent recently developed vitamin D preparations 
This treatment should be cautiously continued for 1 number of weeks, 
by which time the serum calcium will probably have risen above the 
tetanic level In intractable cases of hypoparathyroid tetany, homotrans- 
plantation of parathyroid tissue gives some promise of success 
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GENERAL CRYMOTHERAPY A SYMPOSIUM* 

PORE IK 0 22 Z) 

In July 1939, It 'was decided to make a clinical investigation of local 
and general crymotheiapy at the Lenox Hill Hospital , New Yoik 
Accordingly a specially equipped, theimostatically conti oiled, an -con- 
ditioned room with a capacity of two beds was const) ucted Intern and 
musing personnel were thoroughly familial ized with clinical and tech- 
nical details of geneial crymotherapy On Octobei 17 , 1939, the first 
patient was subjected to the so-called aitificial hibernation This sympo- 
sium is an account of foui months’ experience with this piocedure 


Rationale and Description of Method Selection of Cases 
Conditions Treated 

John C A Gerster 

Attending burgeon Lenox Hill Hospital 



^he originators of the so-called “Artificial hibernation 
Treatment” (Crymotherapy) were Temple Fay and 
Lawrence Smith of Temple University Medical School, 
Philadelphia 

ra Fay, in the course of taking routine skin temperatures 
as part of standard neurological examinations, found that the skin over 
the breasts was constantly several degrees warmer than the skin above 
and below this region, furthermore, the slun of the extremities below 
the elbows and below the knees was regularly from 6° to 20° F cooler 
than that of the rest of the body This finding he correlated with the 
well-known fact that in generalized carcinomatous secondary involve- 
ment of the bony skeleton, the bones of the extremities below the elbows 
and below the knees were rarely, if ever, affected Fay thought that 
cancer cells m the blood stream actually reached bones of the extremi- 
ties, but failed to survive because it was too cool for them there 


* Gnen Februar> 10 5940 betore the Section on Medicine ot The New \orh Xcadcmy of Medicine 
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\\ ith this idea in mind, nimclv, the possibly deterrent effect ot 
cold on cancer, he decided to make a clinical trial in the else ot x 
MOiinn Midi a far advanced circinonn of the cem\ For months she 
had been t iking several grnns of morphine duly, in spite of which, 
her pain w as so sc\ ere that she had been referred to Fa\ for chordotomv 
It w is decided to defer operation to sec what the locil ipphcition of 
cold to the fungating mass in the vault of the \agina might accomplish 
Accordingly there was improvised a round metal container through 
which water was const indy circulated at a temperature between 40° 
ind 50 2 F Within 36 hours, pain had gone, and as tune went on, the 
ulcerating mass began to diminish m size and, by the end of 5 or 6 
weeks, had completely healed Biopsies tiken before ind during the 
treitment showed, according to Lawrence Smith, that under cold, the 
circinonn cells disintegrated, whereas, the noriml connective tissue 
ind noriml blood vessels survived The worn in wis temporirily re- 
stored to normal tcmitv for sever il months, then developed a second- 
ly brain mctisnsis, fiom which she eventually succumbed Following 
this first cast of local application of cold, the method was applied to 
ulcer iting cmcers of the breast, check and skin In all of these there 
wis improvement loctlly, with recession in size of tumor and even hcal- 
111" of the ulcer 

After about 2 yeirs experience with this locil cooling treitment, 
Fiy hid the courage to initiate cooling of the bod) is a w hole for c nicer 
locited in regions not lcccssible to local cooling, for cxunple, mtrac- 
tible pun from cancel involving the spine, pelvis, or lbdomen Here 
the pititnt was put to sleep by rectal administration of ivertin This 
method of cooling the unconscious or semi-conscious patient from 
ten to eighteen degrees below normal for periods from a few hours 
to is long is 5 dajs is the so-called “Artificial Hibernation,” ‘Frozen 
Sleep,” or as we cill it here, “Cr) mother ipv ” 

1 he patient receives chloral ind bromides the night before, lumiml 
the next morning A Lev me or Linhorn tube is passed into the stonnch, 
then ivertin or cvipal by rectum or intravenously renders the patient 
unconscious He is now brought into an air-conditioned room, m un- 
tuned it 1 temperature ot 55" F, is laid naked on a bed, the thermo- 
couple is inserted into the rectum, a rubber-covered wire eible leads 
irom the pitieiits rectum to the recording dial on the will Wrists 
ind inkles ire tethered w ith padded restraining loops I he p itient’s 
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trunk, from shoulders to half way down the thighs, is now packed m 
loose ice, the fragments of which are not larger than those of nut coil 
The ice pack is maintained until the rectal temperature reaches 90° F 
This usually takes from 1 / 2 to z/ 2 hours, in one very obese patient as 
long as 20 hours When 90° or 91 0 by rectum has been reached, the 
ice is removed, the patient dried, and at a room temperature of 55° F, 
the patient’s rectal temperature goes down to the 8o’s 

Should the temperature become too low, blankets and lukewarm 
hot water bags surround the patient Should the temperature begin 
to rise, ice bags without cloth coverings are applied to the trunk ind 
upper thighs Temperature, pulse, respiration and blood pressure are 
charted every half hour A telephone in the room enables the nurse 
to call resident physicians at any time should the patient’s general con- 
dition, color, respiration, or pulse show' 1 any marked changes 

Through the stomach tube, 2 ounces of normal saline with 10 pei 
cent glucose are instilled every hour For restlessness, sodium amytal 
6r sodium luminal or even seconal are given in suitable quantities The 
20 per cent paraldehyde in gum acacia, orginally used, was abandoned 
as too irritating to the gastrointestinal tract Twice a day the stomach 
is siphoned empty, and once a day the stomach is lavaged with a quait 
of normal saline, one pint at a time 

When it is time for discontinuing treatment, the air-condmoivng 
apparatus is shut off and the room is allowed to come up to normal 
room temperature The patient is covered with blankets and the body 
temperature slowly rises to normal This usually takes 6 to 8 hours 
The patient is not returned to the ward until normal temperature is 
reached Experience has shown that nurses must be warmly dressed 
to care for these patients in a room at 55 0 F The nurse is on for a 
period of 4 hours, then is relieved by another, and returns again after 
4 hours to complete the second half of her 8 hour tour 

Selection of cases and conduct of this clinical investigation wcie 
assigned to a committee on which were representatives of surgery, 
general medicine, gynecology, pathology and physical therapy Only 
cases of microscopically proven malignancy, inoperable and radiore- 
sistant were considered (140 applications, 26 acceptances) 

Patients considered suitable for acceptance were those still up and 
about or in fair general condition, if bedridden (carcinoma of bladder, 
for example), with intractable pain or large, measurable tumor masses 
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Grounds for Rejection* 

1) Bed ridden patients, as a rule are too weak and with too brief an 
expectancy of life 

2) Patients with marked anemia (Hb 6o per cent or less), as likely to 
develop necrosis of uvula, or of mucous membrane of cheeks 

3) Patients with carcinoma of stomach, as unlikely to absorb fluids and 
sedatives effectively 

4) Patients with lung metastases Their presence, demonstrated by 
x-ray, increased the hazard of pneumonia A few scattered metas- 
tases did not indicate rejection, but lungs riddled with metastases or 
a chest full of fluid precluded acceptance 

5) Patients with pathological fracture of the femur The markedly 
reduced peripheral circulation while under general crymotherapy 
made the use of fixation by splints 01 casts hazardous The uncon- 
scious patient’s position must be changed from time to time to avoid 
the possibility of decubitus 

Conditions ti eated to date 
Carcinoma 2 2 

Sarcoma (neurogemc) 1 

Drug addiction 1 

Locations of Caicinoma (punt ary) 

Prostate 2 

Breast 6 

Colon 2 

Uterus 3 

Ovary 2 

In addition to malignancies it was appreciated that the effects of 

cooling might be tried out in many other fields, for example 

1) Intractable pain from other causes than carcinoma or sarcoma 

2) Tropical blood parasitic diseases resistant to commoner forms of 
therapy 

3) Drug addictions 

Incidental to relief of intractable pam from carcinoma it was 
found the patients had lost their craving for narcotics Consequently, 

* Formulated during tins series and in part based on experience gained in observa- 
tion of first patients 


Melanoma 
Leukemia (acute) 


Rectum 
Thyroid 
Urinary bladder 
Liver 
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the method was tried by Fay and Smith on addicts with no cancer, 
with several apparently successful deprivation cures At least the 
period of deprivation was passed by the unconscious patients who 
afterwards, for the time being, seemed to live without the drug 
without suffering discomfort * 

4) Mental diseases, such as schizophrenia 

Conclusions Regarding General Crymotherapy 


1) It was possible to reduce patients’ temperatures from io° to 18 0 F 
below normal for from a few hours to 3 days (Counting from time 
90 0 F was reached on way down to time 90 0 F was reached on way 
out Totalling 2,856 hours below 90° in 65 inductions on 26 patients ) 

2) Inductions can be repeated, at intervals, as many as five times or 
more depending on the patient’s general condition 

3) Risks from pneumonia and from nephritis seemed not as great as 
might be expected 

4) In malignancies, striking relief from intractable pain with discon- 
tinuance of narcotics was noted m eleven of seventeen patients 

5) Sooner or later pain returned, sometimes less severe, in others just 
as severe as before treatment 

6) As time went on progressive cachexia was noted 

7) Perhaps, if intervals between treatments were made shorter, a dif- 
ference in recurrence of pam and progress of cachexia might be 
noted This is to be given a trial, we have not had enough experience 

8) Our material, available during the past four months, has not afforded 
sufficient experience regarding the effect of local refrigeration to 
justify drawing conclusions 


* Details of the one case observed by us may be reported here A woman of 10 had, 
for at least 15 vears, been taking 0 to 8 grains of morphine <1 »I\ She was subjected to 

4 da\s’ cr\ motherapy at 92° F , then for 1 day more at 98 6° F , still under sedatives, 

5 days in all, during which she stood the treatment well Afterwards, for - days she 
was never left alone one moment Since then for 8 weeks she has had no craving, and, 
for the first time in 7 vears, menstruated normally a few days ago It was interesting 
to note that, while under crymotherapy, gastric hv persecution began at the end ot the 
first 21 hours, amounting to between 1500-2500 cc in 21 hours and requiring intravenous 
replacement of fluids by 5 per cent glucose in normal saline I he gastric hypersecretion 
gradually subsided by the fifth dav, when she was able to absorb fluids nonnallv 
once more 
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Cmdiovascuhv Aspects 
Ch-vrles E Kossmann 

Adjunct Physician, Cardiovascular Serwce Leno\ Hill Hospital 


The changes m the circulation caused by cooling the body are 
approximately what one would expect After a preliminary rise, the 
rate of the pulse is decreased, but not in proportion to the temperature 
It is unusual, even with the rectal temperature below 85° F , to observe 
a rate of less than 50 beats per minute Irregularities are most often 
due to sinus arhythmia or auricular fibrillation 

The blood pressure varies considerably With short exposure of 
the patient to cold, it may show no significant change During the 
“induction period” the systolic pressure, the diastolic pressure, or both 
may rise, or a typical epinephnn effect may be obtained, the diastolic 
pressure rising and the systolic falling Quite consistently both show 
considerable decrease after long exposures Often the blood pressure 
cannot be ascertained by the auscultatory method Both arterial con- 
striction and decreased arterial flow probably contribute in some mea- 
sure to the difficulty of hearing KorotkofFs sounds 

The peripheral vascular tree undergoes profound constriction 
Large arteries of the caliber of the dorsalis pedis, posterior tibial, or 
radial may be impalpable at low temperatures Veins are often so con- 
stricted as to make simple venipuncture exceedingly difficult A de- 
creased body temperature is said to induce Raynaud’s phenomenon even 
in normal individuals 1 If Lewis and Pickering’s 2 definition of Raynaud’s 
phenomenon be accepted, namely, that the involved parts “become fully 
cyanotic or waxy,” it may then be stated that no example of digital 
artery spasm was observed either m the hands or feet of the patients 
Observations elsewhere 3 have shown that the circulation time in 
the peripheral vessels is prolonged when the temperature of the body 
is decreased With the slowed pulse, low arterial pressure especially in 
the later stages, the obvious generalized vasoconstriction, and the slowed 
circulation time, it is plausible to assume that the cardiac output per 
minute is decreased However, direct measurements of this variable are 
still to be made 

Electrocardiograms are interesting, but difficult to obtain because 
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FUetij Temp (f) 

Cliart 1 

Clmrt I — twelve observations m 5 subjects (indicated b\ dif- 
ferent sMnbols) on the relation of rectal temperature in 
Fahrenheit to the length of electrical svstole expressed as 
Bazett’s index ( K — electrical svstole /y'cjcle) Ca, scrum 
calcium, P, serum phosphorus, CO, i p itient with myocardnl 
inf irction 18 months before, F, luricular fibrillition Two 
of the five p itients were women I heir control v dues ire within 
the norm il range of Iv lhe three men showed control values 
somewhat above the maximum normal, explain ible in one on 
the basis of mvoc mini infarction 

of shivering Wherever possible precordial Leads V i, Vs, and W 5 
were recorded with an oscillograph type of instrument at half-normal 
sensitivity, in addition to the standard leads In nine subjects the most 
constant change m the electrocardiogram was an alteration in the form 
of the final ventricular deflections, and a prolongation of electrical 
systole The accompanying Chart I, which includes twelve observations 
on five subjects, reveals almost a linear, though inverse, relationship 
between temperature of the body and the length of electrical systole 
expressed as Bazett’s index 0 However, when the patient is warmed 
again, the Q-T interval does not return to normal for many hours and 
may not do so for several days (Fig i) Even when it does reach its 
control value, some abnormality of the T-wave, always present during 
crymotherapy, may persist for some time Lengthening of elec- 



1 igure 1 — Stmdard elcetroe irdiograms (I, II, III) it norniil scnsitiwti of the string anil 

prceordial potenti ils (\ „ "S _, \ 5 ) it h ilf-norm it of c lse, D L , age 39, carcinoma of the 

trmsierse colon with gencr ili/eil metistises Ihe elite of the recording, the rectal temperature 
it the tune, mil the sistohc indc\, K, are recorded on each curie ‘In 27 hours” means the 

tune the patient’s temperature was below 98° I' ‘Out G hours” means the tunc ifter the 

pitients temper iture had returned to leiels aboie 9S 1 * * * S F 
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meal systole was not accompanied by any significant change in the 
serum concentration of calcium or phosphorus 7 > 8 These facts suggest 
that the process responsible for prolonged electrical systole is a patho- 
logical one rather than a simple chemical retardation due to cold Of 
interest was one patient who showed no prolongation of the Q-T in- 
terval during the therapy She was receiving digitalis at the time, a drug 
known to shorten electrical systole 0 

In four instances an unusual T-wave was encountered, usually 
recorded best in Lead II (Fig i, 10/26/39), but also seen in other 
leads It was observed only when the temperature of the subject was 
below 84° F This T-wave was characterized by a summit immediately 
after QRS, a return to the baseline, and a final summit smaller than the 
first The precise significance of this unusual deflection is nor known, but 
it is surmised that it may be the first evidence obtained in man in support 
of the dipolar nature of the regression process in cardiac muscle 10 
The initial ventricular deflections did not reveal the same' sensitivity 
to cold as the final ventricular deflections However, there was sufficient 
effect (Fig 1) on electrical excitation to cause slight widening of the 
QRS interval, and distinctive changes in the separate deflections Simi- 
lar remarks apply to the auricular wave 

Auricular fibrillation was observed in four of the nine subjects 
Tins abnormal rhythm was encountered only when the temperature was 
above 85° F In one subject it was abolished by a lower temperature 
No premature systoles were recorded while the subjects were abnor- 
mally cold Soon after removal from the crymotherapy room, one sub- 
ject showed a His-bundle premature systole followed by a temporary 
shift of the pacemaker to the His-bundle (Fig 1, 10/27/39, Lead II) 

Summary 

Decreased temperature of the body was observed to have the fol- 
lowing effects on the circulation the pulse rate is slowed, the blood 
pressure is variable but usually falls if an abnormally low temperature 
is maintained for more than 24 hours, there is marked generalized 
arterial, arteriolar, and venous constriction, abnormalities of the T-wave 
in the electrocardiogram are always present, and of the QRS group 
occasionally present, auricular fibrillation is common, electrical systole 
is prolonged, principally due to a delay of the recovery process, not 
related to changes in serum calcium 
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Hematology 
Carl Reich 

Associate Physician, Lenox Hill IIo pit il 


One control, a morphine addict, was treated for five days under 
crymotherapy After the first day the hemoglobin and red blood count 
increased slightly The total white count went up appreciably, with a 
rise in the percentage of polymorphonuclears, and a shift to the left 
The sedimentation rate and platelets decreased The cell volume 
went up Toward the end of the treatment, the hemoglobin and red 
count dropped The white count remained the same There was a 
gradual return to a normal blood picture with discontinuance of the 
treatment 

In the carcinoma patients, a short treatment was associated with a 
rise of the hemoglobin and the red count There was a marked increase 
of the white count and percentage of polymorphonuclears, with more 
immatures The sedimentation rate and platelets decreased, and the cell 
volume increased As for bone marrow from sternal puncture, the total 
nucleated cell count dropped The percentage of granular elements 
increased, while the erythroid elements decreased During the longer 
periods of treatment, the findings remained the same, except for a drop 
m the hemoglobin, red count and cell volume 

Two patients with leukemia were treated— one lymphatic and the 
other myeloblastic 

The lymphatic was m the last stages of the disease, and aleukemic 
He show ed no chancres during treatment The bone marrow was com- 
pletely replaced by lymphoblasts, both by sternal puncture and at 
autopsy 

The acute myeloblastic patient was given two treatments of 12 
hours each The total white count dropped from 50,000 to about 10,000 
during each treatment, and stayed down for a few days thereafter 
The differential count of 95 per cent myeloblasts did not change, and 
the marrow v is completely replaced by myeloblasts, during life and 
it autopsy 
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Blood Chemistry 
Adolph Bernhxrd, BSc, MA 

Chemist Leno'v Hill Hospital 


In view of the small number of patients observed under crymo- 
therapy and the absence of normal controls, no attempt is made to 
draw definite conclusions 

This report presents the results of observations m eleven patients 
from whom blood was obtainable before, and 24, 48 and 64 hours under 
crymotherapy The non-protein nitrogenous constituents of the blood, 
the plasma chlorides, the cholesterol partition, calcium and phosphorus, 
red cell volume, and sedimentation rate were studied in this group 
The non-protein nitrogenous constituents, before treatment was 
started, were within normal limits, with the exception of one patient 
in whom the urea nitrogen was elevated, the value being 27 7 mg This 
patient showed an increased urea content of the blood after 24 hours 
under crymotherapy, the figure at this time being 385 mg One other 
patient also showed a rise m blood urea from 8 8 to 17 8 mg None of 
the other patients in this group revealed significant changes in any of 
the non-protein nitrogenous constituents 

The plasma chlorides were within normal limits before and during 
crymotherapy The plasma protein changes were also without sig- 
nificance 

Changes in the serum calcium and phosphorus were not significant, 
while the serum cholesterol partition showed the percentage of free 
cholesterol to be rather constant before and during crymotherapy 
The red cell volume was increased under crymotherapy in four 
instances, the increase varying between 14 and 20 per cent 

The initial sedimentation rate was increased in all of the eleven pa- 
tients under observation Under crymotherapy there was a definite fall in 
the sedimentation rate, with the exception of three patients, in whom 
there Mas no change However, it M^as noted that within 48 hours 
after crymotherapy, the sedimentation rate in those thus observed 
returned to about the pretreatment level 
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Basal Metabolism Determinations 
Jxcob Geiger 

VsMstant Chemist Lenox Hill Ho jut'll 


It has been shown by Rubner, Lusk and others thit after short 
exposures to cold there is an increase m the basal metabolism rite as high 
as 1 8o per cent over the normal This is ascribed to the mechanical and 
chemical mechanisms of heat regulation 

The effect of sedation and sleep have also been studied and it has 
been shown that the B M R may drop 15 per cent during sleep Ordin- 
ary sedatives, in therapeutic doses, have little or no effect on metabolism 
Patients undergoing crymotherapy present an opportunity of studying 
the effect of prolonged low body temperature on bisal metabolism, 
possibly for the first time 

Procedwe One or two days after admission to the hospital, a 
B M R determination was made under the usual conditions, 1 e , after 
a night’s rest and in the fasting state Sex eral control tests were made 
aftei administration of glucose and saline by mouth and after small 
doses of sedative, such as are now routine in crymotherapy These con- 
trols showed no remarkable deviation from the normal The next de- 
terminations were made at the end of 24 hours of body temperature 
below 86° F, 48 hours, and in one case, 72 hours Several patients were 
rcchecked 24 hours after their return to the w ards 

The results here presented were obtained on patients wdio were 
fairly quiet ind cooperative They were told that a breathing test was 
lbout to be done, and were isked to breathe slowly and quietly, which 
they did surprisingly w ell There w as, in some patients, moderate mus- 
cular tw itching, but if this was at all marked, or restlessness increased, 
the test was discontinued One nurse held the lips in place oxer the 
mouthpiece, another held the nosepiece in place, xvhile xxe watched 
continuously for leakage and other factors x\ Inch might gix e an erron- 
eous result Some pitients could be tested at the end of 24 hours but 
x\ ere too restless at the end of 48 hours The body temperature ranged 
from S5 5' to 86 2 0 F There xxas a rise in txxo cases of from /> to 1 0 F 
during the test 

Results Thirteen patients xxere tested The highest BMR prelim- 
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mary to crymotherapy was +39 per cent, the lowest, —12 per cent, 
Ten tests were run ar the end of 24 hours Of these, three showed an 
increase of 3 per cent over the preliminary B M R , and seven showed 
a drop of 2, 2, 10, 13, 17, 18 and 25 respectively 

Six tests were run at the end of 48 hours, one showing a rise of 
14 per cent, and five showing a decrease of 10, 10, 17, 32 and 50 over 
the preliminary B M R 

One test run at the end of 72 hours showed a drop of 22 per cent 
One patient, a drug addict, undergoing withdrawal treatment, was 
tested at the end of 24 hours The BMR was +17 per cent Three 
patients tested after return to the wards, showed a B ill R about the 
same as the preliminary 

Tentative Conclusion It would seem, from this small series, that m 
patients undergoing crymotherapy, there is a definite drop m the B ill R 
at the end of 24 hours and a further drop at the end of 48 and 72 hour 
periods Since short exposures to cold have been shown to increase the 
B i'll R noticeably, it may be concluded that metabolism is depressed by 
continued low body temperature 


New ological Observations 
Thomas K Davis 

Neurologist Lenox Hill Hospital 


For various reasons my report is not based upon all the patients who 
have received crymotherapy On eight patients I have done complete 
neurological examinations before and after the treatment and during the 
treatment have carried out as much of a neurological examination as 
is possible on a semicomatose patient 

In no mstance were there any neurological findings after the treat- 
ment differing from the neurological status before However, during 
the treatment there was in all cases a disappearance of the pupillary 
light reflex In those patients in whom I have been able to observe the 
fundi, the fundi were normal, as one would expect 

In two instances, during the treatment, while the various deep re- 
flexes were slightly if at all stronger than before, there were crossed 
tibial reflexes not previously observed (These were absent following 
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the treatment ) Also in one patient m the treatment, a ml response to 
plant tr stimulation was obtained Both before and following treatment, 
this patient’s plantar reflexes w r ere normal 

This transient change of plantar response in one patient and the 
transient crossed reflexes in two other patients suggest that when the 
body temperature is reduced there is a tendency for the pvramidil tracts 
to lose part of their normal control One finds that the coldness of the 
extremities tends to produce a pseudospasticity w Inch is probably local 
This being so, it is not easy to be dogmatic regarding the reflexes, but 
as I said before, the occasional appearance of crossed reflexes w ould seem 
to he outside the province of the local status and may concern the tem- 
porary functioning of pyramidal tracts 

In one patient a hyperesthesia of the left side of the face, possibly 
occasioned by a metastasis, wduch was present before the treatment, was 
unchanged after the treatment 

On the mental side, during the treatment the patients were at times 
restless and uneasy Although only semiconscious, they did in some in- 
stances resent the wrist restraints or ask to be covered It w as possible to 
get slightly in touch with the patient One gave the name of the Presi- 
dent w'hen asked and added “9 and 7” correctly, but the same patient did 
not respond when asked to give the name of the hospital After the 
treatment this patient had no memory of anything wduch had happened 
Another patient, though semicomatose, opened her eyes on command 
She seemed to understand a question regarding how she felt and replied 
“good”, afterward she had no memory for any part of the period 
Another patient even remarked— “Am I being a good guinea-pig ; ” 
Also she asked if treatment w as being given her for a longer period that 
time But this patient did not recall these things afterward 

Another patient appeared to understand simple questions but mum- 
bled die same perseverated replies to all questions Also she had complete 
lmnesia for this afterward 

I am not inclined to speculate on the factors involved in this kind of 
transient accessibility Its transient character reminds one of the semi- 
conia seen in epidemic encephalitis One w onders w hether the reduced 
temperature is the factor w hich w'orks to produce the complete amnesia 
ifterward I doubt if the sedation employed alone explains the amnesia 
In retrospect, none of the patients ha\ e looked upon the treatment 
as unpleas int 
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T einpei atm e Obsei vations 
Midge C L McGuinness 

Dircctoi of PInsiciI flicnpi , Leno\ Ilill Hospitil 


The usual skin temperatures observed in rhis study are entirely 1 da- 
tive, since we have not the required constant-temperature room for this 
purpose, and in the crymotherapy room our semi-conscious patients 
cannot cooperate as well as the usual subject studied 

Observations on two men and one woman are shown Joseph M 
(M 1), Age 41, with cancer of the rectum, the most neivous of the 
twenty -seven patients, is alternately apprehensive and euphoric (Chart 2 ) 
James M (M 11), Age 47, with lower gastrointestinal carcinoma, 
less nervous than M 1 ordinarily, but extremely restless and spastic m 
the crymotherapy room (Chart 3) 

Mrs C (F 5), Age 37, with cancer of the left ovary, most cooper- 
ative and docile of all the patients, who was in a state of tonus apparently 
both in and out of the crymotherapy room as evidenced by her reduced 
oscillometnc readings (Chart 4) 

In the crymotherapy room, constant sedation and hourly feedings 
of glucose m saline had a distinct bearing on the temperatures Most 
important was the almost constant shivering and, despite restraining 
cuffs and anklets, the tendency to move continuously 

In the crymotherapy room the temperature varied, being 55 °F at 
the wall where the recording thermometer wrote its story, 6o°F at 
the opposite wall near the window, 59°F at 12 inches from the knee, 
from 64^ to 66 °F on the bed between the calves and, on the Dakin pad 
covering the crotch, 7 1 °F , rising or falling as the rectal temperature 
varied 

The units used were the U M A and the Leeds-Northrop recording 
temperature thermocouple specially made for this work As Dubois 1 and 
Hardy' contend, each piece of work is unique as it involves so many 
\ anables, beginning with the air temperature of room or thermocouple 
and ending with the personal equation, running the gamut in between, 
of patient and worker cooperation, liquid intake, changes in rectal 
and room temperature, exercise, shi\ ering and general condition of 
patient 
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When the patient was especially active, moving the right arm and 
hand continuously, trying to take off the ice bags or ittempting to 
cover himself, the temperature varied on either side, from tenths to 3 
or more degrees Fahrenheit This is shown in the chart of M 1 1 who 
was never still for one moment and shivered continuously Drugs seemed 
to have very little effect upon this patient 

Oscillometnc readings were taken in the crymotherapy room when 
possible and showed marked variations and decreases in oscillations, with 
shallow and deep breathing, chills, exercise and spasticity 

The range of error was constant for the devices used Between 90° 
and 1 io°F , the degree of error was plus or minus 1 When the tempera- 
ture was below 90 °F , the degree of error was plus or minus 1 a 5 This 
range has been established by the U S Bureau of Standards 

Conclusions Different parts of the body cool to varying degrees 
Shivering and movement increase temperature 

Greater changes occur from a higher temperature of 78°F than 
from 71 0 Vasoconstriction is marked, thus decreasing the conductivity 
of skin, so that the blood is held within the body Further studies are 
required to properly evaluate varied findings in temperatures at other 
levels than these shown 


Urologic Aspects 
Herbert R Kenyon 

Urologist, Lenox Hill Hospital 


There were eight patients with involvement of the urogenital tract, 
falling into three groups 

1 Primary neoplasms 

2 Secondary invasion of the urinary tract 

3 Extra-urinary tumors producing obstruction 

Group 1 includes two cases of prostatic carcinoma and three primary 
vesical neoplasms The first patient with carcinoma of the prostate also 
had widespread skeletal metastases with pathologic fracture of a rib 
His response to radiotherapy was poor and his pain uninfluenced by 
large doses of opiates Although his condition was precarious, he re- 
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ceived one treatment at the urging of his physician which was followed 
by partial subsidence of pain Unfortunately, he developed pneumonia 
on the third day after treatment and died four days afterward The 
second patient has shown a more satisfactory response than any of the 
others He was known to have a carcinoma of the prostate for mne 
months, during which time his condition had steadily deteriorated, the 
outstanding complaint being severe backache due to sacral metastases 
This was resistant to x-ray therapy and alcohol injection of the sacral 
nerves He had also developed a vesical calculus and lost 50 pounds 
within 6 months It was impossible for him to he on his back for more 
than a few minutes at a time Transurethral resection and hthalopaxy 
were performed, the tissue showing adenocarcinoma After the first ses- 
sion in crymotherapy it was possible for him to he comfortably on his 
back without the large doses of morphme and cobra venom that had 
previously been necessary Although subsequent biopsies have shown no 
change in the structure of the tumor, and x-rays indicate further spread 
of the metastases, rectal palpation reveals a recession in the size and con- 
sistency of the primary tumor Lately there has been a partial recurrence 
of pain, in a different location, for which additional treatment is now 
being administered 

Two of the patients with primary vesical neoplasm showed little 
benefit from treatment except for transitory diminution in the degree 
of pain In both there were extensive recurrences following partial cys- 
tectomy and radiation therapy One was complicated by a vesico-vagmal 
fistula with bony metastases, while the other presented extensive in- 
volvement of the inguinal and iliac nodes with edema of the legs Both 
died within 3 months after receiving treatment without evidence that 
they had been favorably affected The third patient had symptoms 
for 8 months and a papillary carcinoma had been observed 3 months 
before admission It had resisted radiation and our admission cystoscopy 
disclosed a growth involving almost the entire right half of the bladder, 
including the sphincter and ureteral orifice, without demonstrable metas- 
tases Following the first session of crymotherapy, sufficient relief was 
obtained to permit a considerable reduction in the dosage of narcotics 
Further treatment resulted in definite betterment of both the symptoms 
and the general condition of the patient, despite the fact that later 
observations reveal no change m either the gross or histologic charac- 
tenstics of the tumor 
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m all of them Of the eighteen patients whose lungs were clear, only 
one developed pneumonia, which was a result of aspiration 

Nose and throat cultures, routinely taken in all patients before 
treatment, were all negative for pneumococci and hemolytic strepto- 
cocci Pneumococci were recovered and typed from the sputa of tv o 
of the pneumonias, while in the other three, no causative organism could 
be found 

Although obviously this series is small, one gains the impression 
that the presence of pulmonary metastases may predispose to at compli- 
cating pneumonitis On the other hand there were eighteen patients 
whose lungs were clear clinically and by x-ray, who had a total of 
thirty-five periods of crymotherapy, with only one pneumonia 


Roentgenological Obsei nations 
Frank Huber 

Associate Radiologist, Lenox Hill Hospital 


X-rays of bone metastases (m two patients) taken at suitable inter- 
vals showed definite increase in size of previously noted defects, as 
time went on 


Biopsies and Deaths 
Rudolf M Paltaui* 

Pathologist, Lenox Hill Hospital 


Of the twenty-two cases of carcinoma receiving general crymo- 
therapy, only eight were followed up with subsequent histological 
examinations In five cases we were able to obtain from one to three 
biopsies during treatment and three of these were subsequently studied 
at autopsy In two cases, the study was limited to a comparison of mate- 
rial obtained before treatment and the postmortem examination One 
patient with malignant melanoma gave us the opportunity for histo- 
logical study after one and after two treatments with crymotherapy 
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In all of these biopsy studies, the histological picture of the tumor, 
its cell characteristics and the appearance of the surrounding tissue ap- 
peared identical in every respect with that seen in examinations before 
the treatment 

Of the five cases representing our autopsy material, three cases were 
carcinoma of the breast, one carcinoma of the uterus and one carcinoma 
of the colon In the carcinoma of the breast, the metastases were most 
widespread, including in one case the spleen The three cases of car- 
cinoma of the breast showed acute inflammatory lesions in the pancreas 
which varied m degree from focal areas of necrosis to hemorrhagic 
pancreatitis with extensive fat necrosis all along the surface of the 
pancreas and adjoining mesenteric and omental fat This apparently 
was the immediate cause of death m one patient In two other cases 
of carcinoma of the breast, marked necrosis of the tumor tissue was 
noted m all the metastases and m the absence of evidence of a terminal 
pneumonia or other complications, the cause of death m these patients 
must be attributed to cachexia and some chemical changes due to ab- 
sorption of the toxic products from the necrotic tumor tissue 

In the case of carcinoma of the colon, metastases were found in the 
liver and ovary In addition, a moderate degree of coronary sclerosis 
was noted This patient developed an intestinal obstruction and an emer- 
gency cecostomy was performed without apparent relief, shortly before 
death occurred 

The last patient m this series died of a massive pulmonary embolus, 
the origin of which could not be demonstrated, but apparently came 
from the veins of the lower extremities 

The two other patients who came to autopsy after treatment with 
crymotherapy had leukemia, one myelogenous and one lymphatic They 
gave the usual findings in such cases and marked pulmonary edema and 
congestion with infarction in one and pneumonia m the other 

We did not find any regression of the primary tumors or metastases, 
nor were we able to demonstrate unusual cell alterations or any changes 
which could be mterpreted as effects of crymotherapy on the neoplastic 
tissue Nothing characteristic or uniform was found, except perhaps 
the acute inflammatory lesions of the pancreas which occurred m three 
of the five cases of carcinoma 

Local crymotherapy was followed up by histological examination 
in one case, a proven carcinoma of the fundus uteri Five days after the 
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curettage, a cooling canule was inserted in the uterus Through this 
canule, which represented a long loop of tubing, water circulated It 
entered at a temperature of 34 0 and returned at 50 with an estimated 
temperature of 40-45 0 in the uterus This patient was treated for to 
days with this local cold application and subsequently the uterus was 
extirpated In comparing the histological appearance of the tumor m 
the curettement and in sections from the uterus, we found that while 
the tumor tissue m the curettement was well preserved and without 
much degeneration or necrosis, the tumor m the sections of the uterus 
showed a very marked, extensive and deep reaching necrosis The unin- 
volved endocervLX, although exposed to the same trauma of the cold- 
apphcator, showed only slight erosion of the surface Twenty-one days 
elapsed between the curettage and the hysterectomy In reviewing slides 
from other cases of carcinoma of the uterus where similar or shorter 
periods elapsed between curettage and hysterectomy, we did not observe 
such changes It cannot be definitely stated whether or not these changes 
were due to crymotherapy 


Clinical Manifestations 

( Genet al observations , pain relief, mortality , local ciymotherapy) 

Paul Kurt Sauer 

Associate Surgeon, Lenox Hill Hospital 


Immediately following the application of ice there is a brief tempo- 
rary rise of i° to 1 5 0 F As the effect of the evipal begins to wear off 
shivering becomes manifest and is most marked between 97 and 95 » 
then as the temperature goes down it diminishes Usually temperatures 
were kept between 8o° and 85° F In two cases 796° ^ was reac ^ ct ^ 
for less than 2 hours 

Basal metabolic rates and electrocardiograms cannot be accurately 

taken when shivering is pronounced 

There is coma vigil— the eyes must be instilled with castor oil and 
kept covered with vaseline gauze to prevent drying and possible corneal 
ulceration 
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On the second and third days patients are quieter and less sedation 
is required 

Catheterization is done every 12 hours 

Upon emerging, often there is fever of ioo°— 101 5 0 F which may 
last for 1 or 2 days 

There is more or less haziness of the sensonum for 24 to 48 hours 
after emergence 

Pain is often complained of upon first regaining consciousness It is 
often only during the second 24 hours that one may determine whether 
relief from pain has come to pass 

Twenty-seven patients have been submitted to general crymo- 
therapy Twenty-two of these had carcinoma, one, melanoma, one, 
neurogenic sarcoma, two, acute leukemia, and one, drug addiction 

Regarding relief from pam, the twenty-four cases of malignancy 
(22 carcinoma, 1 melanoma, and 1 neurogenic sarcoma) fall into three 
groups 

First, a group of five with little or no pain, second, a group of eight 
with little or no relief of pain, third, a group of eleven with marked 
relief of pam 

In five patients of the second group, relief occurred for very brief 
periods 

1 A patient with carcinoma of the bladder with extensions to the 
vagina and the rectum Pam only at urination This was relieved for 
about 48 hours after the first induction, but recurred, and was not allevi- 
ated by subsequent inductions 

2 A patient with carcinoma of the breast with metastases and a 
healed pathological fracture of the femur, there was relief for about 
24 hours 

3 A patient with carcinoma of the uterus with pelvic metastases 
was not relieved of her original pam in the left leg but was found, sub- 
sequently, to have an obstructed ureter The obstruction was relieved 
and her pam subsided 

4 A patient with a neurogenic pelvic sarcoma experienced about 
75 per cent relief for a period of only 36 hours after the first induction, 
then pain returned with original severity, and was not affected by a 
subsequent 3 -day induction 

5 A patient with carcmoma of the breast with wide spread metas- 
tases was relieved for 72 hours 
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Three other patients in this group experienced no relief of pain 
In the third group, prior to induction, all of the patients had been 
taking varying quantities of sedatives Many of them required the 
administration of morphine over a period of months, and at times as 
much as 4 grains per day Following the induction these same patients 
required no sedation, and even those who had had large doses of mor- 
phine over a period of months were comf 01 table and apparently had no 
desire for morphine This relief varied in quality and length of time 
Eventually recurrence of pain occurred in all cases In some, as early 
as 24 hours after cessation of treatment, and in one case the relief lasted 
as long as 8 weeks In some, the recurrent pain was not as severe as ori- 
ginally, consequently these patients required less sedatives, in others, 
the pain on recurrence was just as severe as before treatment 

Pain recurred at sites other than originally noted in 3 cases In one, 
a sciatic pain replaced the original sacrolumbar pain, but even then the 
patient was able to sleep on his back, which he had not been able 
to do for a year previous to his first induction Incidentally, this was our 
first case, and his one question two days after emerging was, “When 
can I have another treatment 5 ” In another, pain in the left hip replaced 
a pam m the cervical spine In the third, severe abdominal pain was abol- 
ished, but pain recurrence manifested itself in the chest 

As a rule, visible and palpable subcutaneous metastases did not di- 
minish or soften after general crymotherapy However, two exceptions 
are worthy of note 

One was a patient with carcinoma of the thyroid with a tracheotomy 
One week after her first induction it was noted that a nodule of the 
right lobe of the thyroid about the size of a walnut had disappeared, 
the carcinomatous granulations surrounding the tracheotomy wound 
had disappeared and new epithelium was beginning to grow from the 
edges of the wound 

The other patient had a carcinoma of the transverse colon, previously 
resected, with metastases to the liver, which was palpable four fingers 
breadth below the costal margin and was stony hard After the second 
induction, the liver’s size had regressed so that it was barely palpable 
and felt considerably softer Eight weeks later, however, the liver had 
a CT ain regained its original size and hardness This patient had relief from 
abdominal discomfort for at least 12 weeks, but pain recurred in his 
chest, which xvas filled with pleural metastases, and was not relieved 
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His general condition precluded further inductions 

Metastatic nodules in a breast scar and on the back of one patient 
were noted to have increased in size despite three general inductions 
Out of 27 patients inducted, 13 have died subsequently The causes 
of death and the length of time after their last induction are as follows 


I 

E 

Carcinoma of prostate 
Pneumonia 

6 days 

2 

S 

Carcinoma of bladder 
Pulmonary embolism 

22 days 

3 

H 

Carcinoma of breast 

Cachexia, pancreatitis 

31 days 

4 

R 

Carcinoma of cervix 

Cachexia 

44 days 

5 

K 

Carcinoma of thyroid 

Suicide 

22 days 

6 

B 

Carcinoma of breast 

Cachexia, pancreatitis, 
shock 

In room at end of 
induction with rectal 
temperature 97 5°F 

7 

V 

Neurogenic sarcoma 
Postoperative (N Y Hosp ) 

22 days 

8 

G 

Carcinoma of bladder 

Cachexia 

46 days 

9 

O’C 

Carcinoma of colon 
Obstruction, postoperative 

2 days 

10 

A 

Leukemia 

1 day 

1 1 

T 

Leukemia 

Cerebral hemorrhage 

8 days 

12 

H 

Carcinoma of breast 
Pancreatitis 

6 days 

*3 

K 

Carcinoma of bladder 

Uremia 

31 days 


In two cases of acute leukemia— one lymphatic and the other myelo- 
blastic— the course of the disease was not affected We have had no 
experience with chronic leukemias 
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Local Crymotherapy 

Local crymotherapy implies local cooling of accessible nnlignant 
tumors This is accomplished by means of suitable coils of rubber or 
metal tubing, or hollow metal containers of special conformation, ap- 
plied to the tumor’s surface, through which ice water (40°-50°F ) is 
kept circulating for 2 3 out of every 24 hours 

Two patients received local crymotherapy One had carcinoma of 
- the fundus uteri which received local crymotherapy for ten days before 
subsequent hysterectomy The histological findings are reported by Dr 
Paltauf elsewhere in this report The other had metastatic carcinoma of 
the cervical nodes following an excision for carcinoma of the lip some 
years previously At the time of admission the left side of his neck was 
stiff and indurated Motions of the head and of the left arm were so 
painful that even reading a newspaper occasioned extreme discomfort 
Within 24 hours after the local application of ice water coils, he him- 
self called attention to the softening of the neck tissues and was able to 
use his left arm without pain A week later the induration of the left 
side of the neck had diminished so that discrete glands u ere palpable 
Afters two weeks, the mass in the neck had diminished to a sue about 
2 by 2 inches He left the hospital soon after this and died at home 2 
weeks later from a carcinomatous obstruction of the sigmoid and 
peritonitis 

Conclusions 

1 In eleven out of seventeen cases of intractable pain due to carci- 
noma, there was sufficient alleviation of pain to obviate the necessity foi 
the administration of narcotics for variable periods of time 

2 No significant histological changes at autopsy m the appearance 
of carcinomata treated by general crymotherapy have been observed 

3 Our experience with local crymotherapy is too limited to warrant 

comment , . 

. Investigation of this method should be continued, not necessarily 

limited to carcinoma Investigation might be made as to its applicability 
,n such other diseases as Hodgkin’s disease, lymphogranuloma venereum 
subacute bacterial endocarditis, drug addictions, blood dyscrasias, and 
tropical blood-parasitic diseases of an intractable nature 
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Discussion 

W L\E HENCE WhITTEMORE 

Ph>s>tcian Citv Hospital 


Aside from Doctors Fay and Smith’s report in August 1939 there is 
no reference to crymotherapy in the Inde\ Medicus, and one may say 
that in New York our general knowledge of this procedure is based on 
the work carried on so ably in Leno\ Hill Hospital and reported on so 
fully in this report 

It is learned that local tissues may be cooled down to 4o°-5o° F 
without harm, and general hibernation demonstrates the fact that man’s 
temperature can be cooled down io°-i8° F for a period of 3 days 
duration 

In Philadelphia one patient was subjected to this treatment for 8 days 
A T Rasmussen 1 reported that Mares and Hillich in 1889 reduced 
the temperature in an hysterical woman to 92 50 Fahr 

Beginning with Buffon m 1749 many of these early experimenters 
have pointed out that exposure to cold alone will not produce true 
hibernation, but often a torpid condition that is entirely and physio- 
logically different from true hibernation 

Marshall Hall 2 in 1831 demonstrated this when he found that after 
destroying the brain and spinal marrow in a truly hibernating hedgehog, 
the heart continued to beat for 10 hours Cushing and Goetsch 3 in 
1915 successfully demonstrated the same experiments on animals 

Marshall Hall 100 years ago also drew attention to the fact that 
hibernating animals were easdy disturbed by noises and touch This has 
been repeated so often that one might be forgiven for suggesting that 
all unnecessary disturbances and noises be kept minimal in the crymo- 
therapy room Observations might be made whether or not in induc- 
tion some patients leaned more towards cold torpor, and others towards 
true hibernation 

One may wonder if there is not a link between the successful demon- 
stration of regression of cancer tissue at 40° to 5o°F and that of general 
hibernation at 79°F Possibly with further study of general hibernation 
this latter figure may be considerably lowered 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

March 7 — The New York Academy of 
Medicine Executive Session — a] Read- 
ing of flit minutes 7 Papers of the 
evening — Clinical ininifestations and 
man igc nent of disturbances in w ater 
met ibolisin — a] Medical consideiations, 
Dun W Vtchlej, Associate Professor 
of Medicine, College of Physicians and 
Surgeons, Columbia Universit), b] Sur- 
gical considerations, Frederick A Coller, 
Professor of Surgerv, Unnersitv of 
Michigan, Discussion, John P Peters, 
New Huen, William F MacFee HRe- 
poit on Election of Members 

M cue it 21 — The Harvey Society ( m affilia- 
tion with Ihe New 1 ork Academy of 
Medicine) lhe Sixth Hanes Lecture, 
“Utili/ition of Selective Microbial 
Agents in the Study of Biological Prob- 
lems,” Rene J Dubos, Associate Mem- 
ber, lhe Rockefeller Institute for Medi- 
c il Research 


SECTION MEETINGS 

March 5 — Section of Dermatology and 
Syplulology Present ition of cases — a] 
Skin &. Cancer Unit of Post-Graduate 
Medic il School, Columbia Um\ ersitv, 
b] Miscellaneous C lses 1 General Dis- 
cussion ft Executive session 

Section of Surgery — Ihe Section of Surgery 
held no meeting on its regular date but 
instead met w ith the Section of Medi- 
cine on March 19 

Mvhcii 12 — Combined meeting Section of 
Neurology and Psychiatry and the New 
I ork Neurological Society Presenta- 
tion of cases — a] Recoverv in aimo- 
tropluc later il sclerosis treated with 
tocopherol (vitamin E) , presentation of 
two c lses, I S Veehsler, b] Supra- 
tentorial hemangiotm with hemorrhage. 


present ition of two cases, Iri Cohen 
ft Discussion — Joseph E T King, Joseph 
Globus 1 Pipers of the evening — a] 
Spinal epiduril infections, surgical and 
pithological consider ition, Tefferson 
Browder ft Discussion — Harold It Mer- 
w irth, Ira Cohen, b] Foe il cerebnl 
lsihenu 1 ind reictive gliosis following 
experimental vascular spasm, Fr mcis 
A Eehhn (by m\ itation) 1 Discussion 
— Harold G Wolff, Lewis Stevenson 
II Executiv e session 

Mvrch 13 — Section of Historical and Cul- 
tural Medicine Reading of the minutes 
ft Pipers of the evening — a] Jean Nich- 
ol is Con is irt, Physici in to the I mper- 
or Napoleon, Paul E Bechet, b] Vn 
Vmencan Precursor of Freud, V A 
Brill Discussion — Clarence P Obern- 
dorf ft General discussion ft Executive 
session. Report of Nominating Com- 
mittee 

31 irch 11 — Section of Pediatrics Reading 
of the minutes ft Papers of the eiemng 

— 1 ] Obsenations on jaundice in child- 
hood and in the new born, S iinuel B 
Werner (bv in\ it ition), Mirnm Reiner 
(by imitation) ft Discussion b\ Ilirrv 
Sobotka, Bela Scluck, b] lhe allergv 
concept of the hjpertonic state, Miner 
C Hill ft Discussion bv Sidney Haas, 
Louis A Van Kleeck (bv invitation) , 
c] Diagnosis and traetment of coxa 
plana and epiphjsioliathesis, Beckett 
Hovvorth, d] Serum sickness and ma- 
phjlaxis in 6211 cases treated with dif- 
ferent kinds of horse serum, Ferdinand 
Kojis (bv invitation) ft General discus- 
sion ft Executive session 

M vrch 15 — Section of Orthopedic Surgery 
Executive session — aj Reading of the 
minutes, b] Vppointment of nominat- 
ing committee ft Presentation of cases 

— 1 ] Mobile knee after svnostosis, Lewis 
Clark Vagner ft Papers of the evening 

— 1 ] I reatment of unumted fractures 
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ot the neck of the femur — subtrochan- 
teric osteotomj, James S Speed, Mem- 
phis (by invitation) |f Discussion — 
Samuel Kleinberg, b] Present methods 
of treatment of cerebral pals}, Win- 
throp M Phelps, Baltimore (bv invita- 
tion) fJDiscussio n — Arthur Krida 
General discussion 

March 18 — Section of Ophthalmology — In- 
struction hour — E\aluation of present 
methods of refraction, Benjamin Fried- 
man, Demonstration — Instruments used 
m the diagnosis ind correction of read- 
ing disability ff Executive session — a] 
Reading of the minutes, b] Appoint- 
ment of nominating committee |f Papers 
of the evening — aj Reading retarda- 
tion a problem to be solved coopera- 
tively, Stella S Center Litt D , Director, 
Reading Clinic, N Y Umversit} (by 
invitation) , b] Reading disability from 
a neurological viewpoint, Earl C Che- 
sher (by mutation), c] The effect of 
vision on reading disability, Brittain F 
Pa\ne ff Discussion — Conrad Berens 
|f General discussion 

March 19 — Combined Meeting Section of 
Surgery and the Section of Medicine 
Executive session — a] Reading of the 
minutes, b] Appointment of nominating 
committee for each Section |f Papers of 
the evening — a] Mechanism and medical 
management of chronic ulcerative colitis, 
Ihomas T Mackie, Moore A Mills (by 
invitation, b] Surgical treatment of 
chronic ulcerative colitis, Henry W 
Cave |f Discussion — Burrill Crohn, John 
H Garlock |f General discussion 

March 20 — Section of Gemto-Unnary Sur- 
gery Executive session — a] Reading of 
the minutes, b] Appointment of nomi- 
nating committee |f Papers of the even- 
ing — Symposium on prostatectom} — a] 

V suggested new type of anesthesia for 
prostatic surgerv, John A Tavlor, b] 
Transurethral management of prostatic 
disease in patients over 75 vears of age 
(motion picture), Alf PI Gunderson, 
LaCrosse, Wis (bv invitation) , c] Su- 


prapubic prost itcctoni} , its dukrentnl 
indications and limitations, modihca- 
citions in technique (motion picture), 
Clifford W Losli, Des Moines, la (b> 
invitation), d] Permed piostatcetoni) , 
i st itistical suivev , indications and 
technique (motion picture), J A Cunp- 
bell Colston, B iltimorc (b} invitation) 

If Geneial discussion — Nathaniel P 
R ithbun, George F IIocli 

March 20 — Combined Meeting Sections, of 
Otolaryngology of The Netj York, Ica- 
demy of Medicine and the Philadelphia 
College of Physicians Before the meet- 4 
ting there was a demonstration m the 
anteroom of postoperativ e icsults |f Ex- 
ecutive session — Section of OtoIar}n- 
gology of the Acadeni} — a] Reading of 
the minutes, b] Appointment of nom- 
inating committee |f Paper of the eve- 
ning — Endaural fenestration of the hori- 
zontal senncircul u canal tor otosclero- 
sis Indications, technique, observations 
as to early and late postoperative re- 
sults, Julius Lempert (by invitation) 

|f Discussion — Edward Campbell, Phila- 
delphia (by invitation), George Shani- 
baugh, Jr, Chicago, (by invitation), 
Joseph Sullivan, Toronto, (bv mviti- 
tion) William Greenfield, Hackensack 
(by invitation) 

M vrcii 2G — Section of Obstetrics and Gyno- 
cology Executive Session— a] Reading 
of the minutes, b] Appointment of 
nominating committee |f “Asphyxia Neo- 
natorum” (moving pictures), Henry 
Rascoff (bv invitation) ffFrom the 
Gvnecological Service, Harlem Hospital 
— a] Presentation of cases — Abdominal 
pregnanev with unusual complication, 
Elias Rauch (bv invitation), b] Papers 
of the evening— 1] Differential sign be- 
tween giant ovarian evsts ind ascites 
(lantern slides), George Bhmch (bv in- 
vitation), 2] A simple method of thera- 
peutic abortion combined with sterili- 
zation (lantern slides), Avraam Sliu- 
kuris (bv invitation), 3] Photograph} 
of the cervix, Ilenrv C F ilk 
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ADRENAL INSUFFICIENCY 1 * 

Robert F Loeb 

Professor of Medicine College of Physicians and Surgeons Columbia University New YorL 


Clinical Picture 



^drenal cortical insufficiency m man, as represented by 
Addison’s disease, may develop at any age although it 
occurs most frequently between the ages of 20 and 50 
years It is characterized m most cases by the insidious 
^ development and progression of asthenia and fatiguabil- 
lty although not infrequently adrenal crises may give the first evidence 
of the disease The symptoms are usually accompanied by the appearance 
of brownish pigmentation which increases over a period of months and 
which may be blotchy m its distribution or generalized It is most in- 
tense on the knees, nipples or m the axillary folds as well as on the 
exposed parts, particularly the knuckles The most characteristic feature 
of the pigmentation is the appearance of small brown or gray-black 
patches on the lips, gums, tongue or cheeks In some cases, pigmentation 
may be entirely absent while m others it may exist in combination with 
numerous areas of depigmentation (Figs 1 and 2) 

Gastrointestinal symptoms are usually present and occasionally dom- 
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Fig 1 — 1 he presence of both pigmentation and depigmentatiou 
in a patient with Addison’s disease 



Fig 2 — Depigment ition issouated with profound pigmentation 
m anotlier Addisonian patient 
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mate the disease picture The appetite is almost invariably capricious 
and periods of anorexia occur with great regularity This latter symp- 
tom is associated with infrequent bouts of vomiting which usually take 
place in the morning During crises, emesis increases, there may be 
“coffee-ground” vomitus and finally there may be complete gastric 
intolerance Abdominal pain is often present and may suggest disease 
of the biliary tract or even peptic ulcer Diarrhea is only an occasional 
complaint 

Hypotension is almost always present in Addisonian patients whose 
symptoms are sufficiently marked to cause them to seek medical aid 
The systolic pressure is usually less than i oo mm Hg but it may and 
frequently does rise during excitement to higher levels for short periods 
of time During severe crises, the systolic pressure may fall to 50 mm 
Hg or even less and the pulse pressure is often only 10 mmHg The 
pulse is characteristically small in volume although it is occasionally full 
and soft Under the influence of pain or emotional stress the pressure, 
even during crises, may momentarily rise to normal levels 

In a few instances hypoglycemia, with the symptoms and signs 
which characterize that state, dominates the clinical picture in Addison’s 
disease In most cases hypoglycemic episodes appear relatively late in 
the disease, particularly among patients already under treatment with 
salt 

The adrenal crisis consists of an abrupt increase in the intensity of 
the disease manifestations, notably weakness, prostration, hypotension, 
gastrointestinal symptoms and transient neurological disorders which 
may include confusional states as well as abnormal reflexes In the 
course of a few hours or a few days, either spontaneously or as a result 
of an acute infection, or because of a surgical procedure, a severe 
emotional upset or the withdrawal of salt from the diet, the tempo of 
the disease process accelerates with alarming rapidity The patient fre- 
quently dies during the crisis if energetic therapy is not instituted 
promptly, and occasionally dies despite the best possible treatment The 
terminal crisis is often associated with a rise of temperature to 104 or 
105° for which no adequate explanation may be found 

Disturbances in Physiology 

Thomas Addison, in 1855, pomted out for the first time that “uni- 
versal disease of the capsules” is incompatible with life and stated that 





Fig 3 — 'JUpical fatal terminal rise m temperature without 
adequate evphnation at autopsy 


aside from this observation the function of these structures “is almost, 
or altogether, unknown ” At the same time, Addison predicted that the 
further study of disease of the adrenal glands might lead to some under- 
standing of their physiological activity This prophecy has in recent 
years been amply fulfilled and it is to a consideration of problems of 
the functions of the cortex of the adrenal glands and the treatment 
of adrenal insufficiency that I should like to call your attention 

Salt and Water Metabolism 

Among the most important disturbances resulting from insufficiency 
of the adrenal cortex are those related to electrolyte and water metabo- 
lism Baumann and Kurland 1 and Marine and Baumann- in 1927 demon- 
strated that the ablation of the adrenal glands in animals resulted m a 
decrease m the sodium concentration in the serum and an increase in 




Adrenal Insufficiency 


35i 


SODIUM LOSS FOLLOWING 
ADRENALECTOMY IN DOGS 


meq 



Fig 4 — Effect of •ulrenalectomv upon the urinary excre- 
tion of sodium in the dog The great loss of sodium which 
follows adrenalectomy tikes place through the kidneys 

serum potassium They also showed that the injection of sodium chloride 
prolonged life more than did salts of other cations or solutions of glucose 
In 1932, we found at the Presbyterian Hospital 3 * 5 in patients with 
decompensated adrenal insufficiency (adrenal crises) that the state of 
dehydration m these individuals was associated with a constant decrease 
in the concentration of sodium in the blood and a less constant increase 
in potassium The concentration of sodium may fall from a normal 
value of about 140 m eq per 1 to a level of about 100 m eq per 1 
and potassium may rise to about 10 m eq per 1, a little more than 
double the normal concentration The decrease m serum sodium is 
accompanied by a corresponding drop in chloride, bicarbonate, or both 
We also pointed out the importance of the use of sodium salts and 
water in correction of these disorders and showed that an adrenal crisis 
might be induced by the simple process of the withdrawal of the sodium 
ion from the diet The changes observed in the first patient of this study 
are shown in Table 1 Finally, we were able to demonstrate that the 
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T VBLU 1 

CORRELATION OF BLOOD CHANGES MT1H SALT FEEDING AND 
SVLT WITHDRAWAL IN A PAIIEN1 WIl'II ADDISON’S DISEASE 


Date 

Na 

K 

Cl 

HCO, 

A on 
Protein 
Nitrogen 

Blood 

Pressure 

Remarks 


in eq 
per 1 

ill eq 
per 1 

in eq 
per 1 

m eq 
per 1 

m«r per 
100 cc 



Julv 19 
1932 

123 5 

53 

88 6 

21 8 

39 0 

85/55 

Blood taken shortly after 
admission Profound weak- 
ness and \onnting 

July 26 

j 

107 8 

71 

72 7 

215 

45 0 

! 

65/48 

Criticalh ill Almost m ex- 
tremis No therapy up to 
tins time 

Aug 2 

133 0 

5 1 

93 8 

27 5 

1 

20 6 

i 

81/60 

Treated with a single dose 
of Eschatin and then NaCl 
daily No more vomiting, 
sitting up 

Nov 14 

139 9 

46 

107 3 

24 3 

20 0 

112/71 

Up and about at home, do- 
ing part of housework Eats 
7 gins of NaCl daily plus 
diet Slight puffiness of cve- 
lids 

Jan 24 
1933 

12G8 

57 

92 3 

212 

35 0 

86/60 

After 7 davs silt-poor diet, 
weak and vomiting fre- 
quently Confined to bed 

Jan 30 

138 0 

50 

103 5 

25 9 

25 0 

122/80 

After no further treatment 
except NaCl added to diet 
and given b\ rectum No 
vomiting Much stronger 


decrease in sodium concentration in the blood serum was associated 
with an increase m the excretion of this base and water by the kidneys, 
perhaps as a result of a decrease in their reabsorption by the renal tubules 
The order of magnitude of the sodium excretion suggested that it was 
lost from the interstitial fluid of the tissues as well as from the blood 
Harrop G 7 confirmed these observations and, simultaneously with Allers 
and Crandall , 8 showed that completely adrenalectomized dogs could be 
maintained in good health for many months without the use of cortical 
extract if given large amounts of sodium chloride to which was added 
sodium bicarbonate or citrate Thus, the piesence of a defect in sodium 
metabolism in adrenal insufficiency in man and animals has been clearly 
established and it has been shown that the administration of sodium 
salts and water may i e-establish adrenal compensation 
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A reduction m the sodium concentration in the body alone without 
a concomitant decrease m blood volume and interstitial fluid does not, 
however, give rise to the picture of adrenal insufficiency For example, 
in a patient with mild adrenal insufficiency who was maintained in mod- 
erately good health by the oral administration of salt and water by 
Willson and Sunderman, 9 the restriction of water ingestion resulted m 
the precipitation of a crisis accompanied by a sharp decrease in blood 
plasma volume It is noteworthy that the serum sodium level, which was 
abnormally low before water restriction, rose to normal with the onset 
of the crisis as a result of a decrease m the water content of the plasma 
This finding aids in the explanation of the observation of Winter et 
al , 10 who induced rapidly fatal adrenal insufficiency m cats by inter- 
rupting the supraopticohypophyseal tract and subsequently removing 
the adrenal glands In these animals with diabetes insipidus, adrenal in- 
sufficiency developed despite the fact that the sodium content of the 
blood remained normal and while the potassium content increased It 
is probable that in these cats death resulted from shock associated with 
a decrease in plasma volume 

Potassium Metabolism 

Accompanying the decrease m serum sodium concentration and the 
loss of water with the development of adrenal insufficiency there is 
usually, as has been stated, an increase in the concentration of potassium 
The importance of the abnormality of potassium metabolism in adrenal 
insufficiency is becoming more and more impressive Kendall and 
Allers, 11 as well as Zwemer, 12 have demonstrated the abnormal suscep- 
tibility of adrenalectomized animals to the ingestion or injection of small 
amounts of potassium salts, and Wilder, Snell and their collaborators 13 
have indicated the danger attendant upon the ingestion of large amounts 
of potassium salts by patients with Addison’s disease The latter investi- 
gators have shown that one deleterious effect of potassium salts results 
from the fact that they tend to augment the excretion of the sodium 
ion Another reason for the toxic effects resulting from the ingestion of 
hberal amounts of potassium salts is the retention of potassium m the 
blood serum above the normal level of 4 to 5 m eq per 1 This develops, 
apparently, because of failure to excrete potassium as rapidly as normal 

It has been maintained by some that the increase in potassium in the 
blood is responsible for the adrenal crisis This concept appears to be 
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EFFECT OF EFFECT OF 

SALT WITHDRAWAL CORTIN WITHDRAWAL 



Fig 5 — Qmlitatne sinulant\ of Mil eftect 
of the withdraw il of salt and tortin m the 
iclrenalectorniml dog I he hehiwor of po- 
tassium parallels that of blood urea 


untenable because, as has been stated, there is often no mciease m serum 
potassium in patients with Addison’s disease whereas in other disease 
states, in which potassium is often retained, e g , renal insufficiency, 
the clinical picture of adrenal insufficiency is not present 

Renal Function 

In 1916 Marshall and Davis 11 noted an increase in non-protein 
mtrosen in the blood of adrenalectonuzed animals and w ere the first to 
suggest that the adrenal glands exert an influence on lenal function In 
patients suffering from Addisonian crises there is often some retention 
of non-protein nitrogen, the highest value observed by us being 102 mg 
per 100 cc This disturbance can be corrected by the administration of 
salt and water, but even when the sodium concentration reaches a nor- 
mal level a decrease in the urea clearance may persist Recent work of 
Margitay-Becht and Gomori 15 indicates that this disturbance in renal 
function results at least m part from a decrease in renal blood flow 
and in glomerular filtration as measured by creatinine clearance tests 
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Studies of Stahl, Kuhlmann and Urban* 51 suggest a similar conclusion In 
severe adrenal insufficiency, there may also be retention of phosphate 
and sulphate and a decrease in the formation of urinary ammonia 
Whether a decrease in renal blood flow alone accounts for the decrease 
m ammonia formation or whether a specific disturbance in nitrogen 
metabolism is responsible for it is not known It seems certain that the 
disturbances in sodium and water metabolism are, at least in part, de- 
pendent on faulty renal mechanism which results from a lack of cortical 
hormone Furthermore, Harrison and Darrow 1G believe that they have 
demonstrated in adrenal insufficiency a specific disturbance in renal 
function insofar as the normal regulation of potassium excretion is 
concerned 


Carbohydrate Metabolism 

Since Porges 17 in 1909 first demonstrated the presence of hypogly- 
cemia m patients with Addison’s disease as well as in adrenalectomized 
animals, it has been recognized that a disturbance in carbohydrate me- 
tabolism exists in adrenal insufficiency A decrease in glycogen storage 
has been emphasized repeatedly by Britton and Silvette 18 and the sensi- 
tivity of the Addisonian patient to the injection of small doses of insulin 
is well established The studies of Britton and those of Long and his 
associates 19 have demonstrated that glycogen storage in the liver of 
adrenalectomized and also normal animals is increased by the injection 
of potent cortical extract or of certain crystalline steroids isolated from 
the adrenal glands, notably corticosterone in contrast to desoxycortico- 
sterone 

In most patients with Addison’s disease there is mild hypoglycemia 
Thus, among a group of twenty-three of our patients the fasting blood 
sugar level at some time was found to be below 80 mg per cent in six- 
teen, in nine it was below 70 mg , and in five there were classical severe 
hypoglycemic episodes associated with blood sugar levels below 50 mg 
per cent This hypoglycemia cannot be correlated with the concentra- 
tion of sodium or potassium in the blood On the other hand, Long 19 has 
recently presented convincing evidence indicating that, in the rat, at 
least, certain crystalline substances, obtained from the adrenal cortex, 
which are active in correcting the salt and water disturbances are also 
active in their action on carbohydrate metabolism Kendall' 0 has recently 
presented evidence suggesting that an antagonistic action exists between 
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insulin and adrenal cortical hormone and that, m the absence of the 
latter, there is a flow of potassium and glucose to tissue cells similar to 
that following insulin administration On the other hand, in the diabetic 
rat, Kendall reports that the administration of cortical extract increases 
the urinary excretion of potassium in addition to augmenting glucose 
elimination as earlier demonstrated by Long 10 It is Long’s 21 contention 
that the increase in potassium excretion results from the increase in pro- 
tein breakdown and gluconeogenesis stimulated by certain steroids of 
the adrenal cortex 


Miscellaneous Disturbances 

Certain other physiological disturbances, secondary to the abnor- 
malities of electrolyte and water metabolism, are present in the adrenal 
crisis and contribute to the picture of dehydration and shock These 
include a decrease m plasma volume, a fall m blood pressure to levels of 
shock, a decrease m blood flow, acrocyanosis and hemoconcentration 
Occasionally fatal adrenal insufficiency develops with evidence of hemo- 
concentration, peripheral vascular collapse and fever but without de- 
monstrable abnormalities of the electrolytes and glucose of the blood 
The underlying explanation in these instances remains obscure but de- 
hydration with relative retention of sodium, as in the patient of W lllson 
and Sunderman, may constitute the mechanism involved 

Whereas the decreases in plasma volume and peripheral blood flow 
as well as disturbances m carbohydrate metabolism constitute factors 
contributing to the asthenia of the Addisonian patient, it seems likely 
that certain unknown mechanisms are also involved This idea is sup- 
ported by the important observations of Ingle 22 which show that despite 
the simultaneous treatment of adrenalectomized rats with salt, corti- 
costerone and desoxycorncosterone, the capacity of these animals for 
muscular work continues at a level strikingly lower than that of sham- 
operated animals 

A number of neurological disturbances, both focal and diffuse, may 
occur in the course of adrenal insufficiency In certain instances these 
may result from hypoglycemia, in others hypotension and a decrease in 
cerebral blood flow may play a part Whether or not other factors may 
be present is not known 

Hypercalcemia is at times present m adrenal insufficiency and cannot 
be ascribed to hemoconcentration alone Bihrubmemia, elevation of 
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serum phosphatase and retention of bromsulphalein have also been en- 
countered The reason for these disorders and the mechanism underlying 
the disturbances of pigmentation m Addison’s disease are not understood 

Verzar 23 has recently ascribed the basis for physiological disturbances 
m adrenal insufficiency to a failure of the important function of phos- 
phorylation This function among other activities is responsible for the 
formation of respiratory ferment from its precursor riboflavin, 1 e , vita- 
min B2 and for the specific absorption of glucose, levulose and fat from 
the bowel However, the validity of this attractive hypothesis seems 
extremely doubtful m the light of recent studies, particularly those of 
Ferrebee 24 who has shown that the ability to phosphorylate vitamin Bi 
is retained in completely adrenalectomized rats 

Treatment 

I should like now to consider the problem of the treatment of Addi- 
son’s disease The treatment of Addison’s disease, like that of diabetes 
mellitus, should be directed primarily toward (1) the specific replace- 
ment of the hormone or hormones lacking, (2) the correction of the 
physiological disturbances which ensue as a consequence of this endo- 
crine deficiency, and (3) the avoidance of factors known to intensify 
manifestations of the disease The nature of the therapy and the vigor 
with which it must be applied vary tremendously with the phase of the 
disease present In the patient whose disease is well compensated, a few 
general measures such as the avoidance of physical and mental fatigue, 
the immediate care of even mild acute infections, and the ingestion of a 
liberal amount of sodium chloride will suffice to maintain moderately 
good health for periods of months or even years On the other hand, with 
the appearance of a crisis, whether it appears in the natural progression 
of the disease or whether it results from known causes, a number of 
active therapeutic measures must be applied promptly and intensively in 
order to combat successfully the grave and often fatal loss of inorganic 
base with its attendant dehydration and peripheral circulatory collapse 
Procrastination or inadequate treatment of the crisis sacrifices patients 
who might otherwise be restored to a useful existence 

Before proceeding with the discussion of therapy, I should like to 
digress for a moment to make a plea that the treatment of adrenal insuffi- 
ciency in man be limited to patients who can be shown to be suffering 
from that condition This is meant to be neither trite nor flippant, but 
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we continue to see a large number of patients, mostly asthenic, tired 
women, who have received injections of 2 to 3 cc of certain commercial 
extracts daily or perhaps once a week It is unlikely that this treatment 
does harm but it is certain that it is costly and totally ineffective beyond 
its action as a placebo The treatment of cortical adrenal insufficiency is 
directed primarily at disturbances of water and electrolyte metabolism 
If these are not obviously present or if they cannot be made manifest by 
placing the suspected patient upon a salt-poor regime, under close obser- 
vation for 1 to 7 days, there can be little or no reason for instituting the 
treatment of Addison’s disease 

With the recognition of the disturbances in electrolyte and water 
metabolism present in adrenal insufficiency and as a result of the intro- 
duction of salt treatment, 4 the unhappy plight of the Addisonian patient 
was to a certain extent bettered The introduction of the low potassium 
diet by Wilder and his colleagues 13 constituted a further theoretical 
improvement The preparation of extracts of the adrenal cortex for use 
in patients gave much promise and in large amounts they have been 
demonstrated by Thorn and others 25 to have undeniable physiological 
activity Nevertheless, I think we will all agree that m doses which 
patients can afford or tolerate, the results of treatment have by and large 
been disappointing 

In the past year, the synthesis of desoxycorticosterone by Steiger 
and Reichstein 21 * in Zurich has made available for use m patients a natural 
steroid of the adrenal cortex which has easily demonstrable physiological 
activity While this chemical entity is, as already mentioned, only one 
of a series of known active steroids in the cortex and while there arc 
other substances of far higher potency not yet identified chemically, 
this steroid has shown itself to be of extraordinary importance in the 
treatment of adrenal insufficiency In addition to this advance of signifi- 
cant practical value we have learned much concerning the nature of the 
physiological disturbances resulting from adrenal cortical insufficiency 
by observing the changes brought about by the administration of a single 
chemical substance, 1 e , one of the esters of desoxycorticosterone 

In this country, Thorn 25 - 27 was the first to use desoxycorticosterone 
and he has contributed greatly to the practical aspects of the treatment 
of Addison’s disease with the implantation of pellets His studies have 
also added to our knowledge of the action of desoxycorticosterone Our 
own results are in general agreement with those obtained by him as well 
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EFFECT OF TEN DAYS TREATMENT WITH 
DESOXYCORTICOSTERONE PROPIONATE 
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as those reported by Cleghorn and his associates 28 and amplify those of 
Levy Simpson 20 in England 

At the Presbyterian Hospital, Drs Ferrebee, Ragan, Atchley and I 30 
have in the past 10 months had eighteen patients with Addison’s disease 
under treatment with esters of deso\ycorticosterone furnished by the 
Roche-Organon laboratories In our studies we have employed both the 
acetate and propionate of desoxycorncosterone which have been admin- 
istered subcutaneously or intramuscularly in peanut oil Results of the 
administration of desoxycorncosterone may be summarized as follows 

Salt and Water Metabolism 

Desoxycorncosterone esters cause a striking retention of salt and 
water The rate of retention of the sodium ion usually exceeds that of 
water so that as a rule the serum sodium concentration rises to normal 
and is maintained at normal level as fluid retention continues In a few 
instances, water is retained more rapidly than sodium so that the sodium 
concentration of the blood may actually fall for a few days In one of 
our patients with extensive tuberculosis, it was never possible to raise 
the sodium concentration above 132 m eq per 1 although the retention 
of water xvas sufficient to be associated with pulmonary congestion, 
hydrothorax, generalized edema and temporary elevation of venous 
pressure 

The amount of salt and water retained varies greatly in different 
patients and cannot be correlated with the initial sodium or serum pro- 
tein concentration or with the initial plasma volume One of our patients 
gained 11 kilos in 10 days during which time he received 190 mg of 
hormone In contrast, another patient gained but 2 kilos in 30 days 
during which time he received 725 mg of hormone Both patients 
received the same amounts of sodium and potassium salts in their diets 

Coincident with the retention of salt and water and with the gain in 
weight there appears a considerable decrease m the urinary excretion of 
sodium, chloride and water For example, in one of our patients the urine 
output fell from an average of 1500 cc daily to as little as 410 cc during 
the period of administration of 1 5 mg of hormone each day The sodium 
excretion fell from a level of about 160 m eq to 28 m eq in 24 hours 
and the chloride excretion underwent a commensurate change 

As a result of these changes, there is marked increase in extracellular 
fluid volume as measured by the thiocyanate method The blood plasma 
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volume in those patients in whom it was measured increased between 
300 and 1200 cc during the first ten days of treatment with hormone 
These changes were m close agreement with decreases m hematocrit and 
serum protein concentration In two patients, the serum protein con- 
centration fell from 7 3 to 4 7 and from 5 9 to 4 8 per cent respectively 
There were no consistent changes in albumin/globuhn ratio associated 
with this dilution of the blood 

Potassium Excretion 

Synthetic desovycorticosterone esters cause a striking decrease m 
the concentration of the potassium in the serum and frequently reduce 
it to abnormally low levels Thus, m nine out of a group of ten patients, 
the potassium concentration after treatment was below 4 m eq per 1 , 
the lower limit of our normal values In two patients, potassium has 
reached a level of 2 9 and 2 4 m eq per 1 respectively 

The urinary excretion of potassium increases regularly on the first 
day of hormone injection and thereafter it becomes variable The potas- 
sium excretions cannot be satisfactorily correlated with changes m nitro- 
gen excretion as might be expected if the increase were due solely to the 
destruction of body protein for gluconeogenesis 

Nitrogen Excretion 

The non-protein nitrogen level of the serum decreases even when 
it is within normal limits at the beginning of treatment 

Total nitrogen excretion may not be affected but as a rule there is a 
slight increase not exceeding 2 grams in the first 2 or 3 days of therapy 
Ammonia excretion appeared to increase within 24 hours after adminis- 
tering desoxycorticosterone m the two patients m whom determinations 
were made before and after treatment 

Blood Calcium and Cholesterol 

The serum calcium concentration decreases following the adminis- 
tration of synthetic hormone This was observed to be true in each of 
six patients in whom determinations were made before and after 10 days 
of therapy This change may be attributed to hemodilution with its 
attendant decrease in serum albumin concentration 

The cholesterol content of the blood also decreases, at least m part 
as a result of hemodilution 
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Carbohydrate Metabolism 

No evidence has been found in our studies to suggest that desoxy- 
corticosterone esters have any effect on carbohydrate metabolism in our 
patients with Addison’s disease After io to 40 days of treatment the 
fasting blood sugar level is often as low as or even lower than before 
In one patient who received the enormous dose of 25 mg of hormone 
daily for 30 days the fasting blood sugar level was 74 mg and 4 hours 
after the ingestion of 100 grams of glucose it fell to 46 mg per cent 
The respiratory quotients, measured on 2 days before and again on 2 
days after 2 weeks of hormone treatment in this patient, were o S5 and 
07 8 respectively, indicating a change of questionable significance In 
another patient receiving 10 mg of hormone daily, severe hypoglycemia 
with blood sugar levels of 40 and 38 mg per cent were observed on suc- 
cessive days after 2 weeks of treatment The dose of hormone in this 
patient was insufficient to raise the blood sodium to normal though it 
was adequate to cause excessive fluid retention 

Blood Pressure 

The effect of desoxycorticosterone esters on arterial pressure is dra- 
matic even though it does not appear as promptly as do the effects on 
salt and water metabolism The blood pressure has reached normal in all 
of our patients in the course of 2 to 4 weeks and has risen gradually to 
1 7 5/ 1 10, 160/92, 1 60/ no and 146/108 m four patients In only one 
of these patients was there, on the basis of history, evidence of hyper- 
tensive vascular disease antedating the onset of Addison’s disease 

Pigmentation 

No definite effect on pigmentation has been noted m any of our 
patients beyond that which may be attributed to rehydration 

Complications 

In view of the high degree of physiological activity of desoxycorti- 
costerone esters, it could be anticipated that overdosage might result m 
the appearance of disturbing complications Indeed, fifteen of eighteen 
patients developed edema varying from mild and transient puffiness of 
the face and ankles to massive anasarca In five patients there developed 
varying degrees of respiratory distress, a sense of tightness in the chest 
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Fig 8 — X-ray of heart of an Addisonian patient before treatment 


associated with x-ray evidence of dilatation of the heart predominantly 
on the right side In four of these five patients, there was an elevation of 
venous pressure which reached levels from 1 10 mm to 250 mm In three 
in whom determinations were made there was a striking decrease in 
vital capacity associated with definite evidence of pulmonary congestion 
on x-ray examination In four of the five patients developing cardiac 
dilatation and congestive failure, prompt rehef resulted from the limita- 
tion of sodium chloride intake to that present in the diet and in certain 
instances with reduction m the dose of desoxycorticosterone One patient 
who had been taking 1 5 mg of hormone every other day and had added 
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Fig 9 — X-ray of heart of the same patient as in Fig 8 after 
e\cessi\e treatment with deso\ycorticostcrone acetate and salt 


2 to 3 teaspoons of salt to his diet received some relief from limitation 
of salt and water and a phlebotomy but succumbed with terminal 
bronchopneumonia Autopsy revealed dilation of the heart with mild 
hypertrophy and a curious swelling of the muscle cells and their nuclei 
in the right ventricle 

The mechanism for the development of cardiac insufficiency in these 
patients is not clear It is certain that it does not result from an increase 
m arterial pressure alone because in three of our patients congestive fail- 
ure appeared when the blood pressure was below 1 1 o mm Hg A rapid 
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and extensive increase in circulating blood volume is a possible factor, 
although in one patient the increased blood volume caused by the hor- 
mone was only 300 cc at the time when the venous pressure was elevated 
and the symptoms were most marked The possible relation of the de- 
crease in potassium concentration is inescapable but its significance is not 
known There is no evidence of vitamin Bi deficiency as an etiological 
factor with the exception of relatively low excretion of thiamin in the 
urine of some of these patients 

The complications which have been discussed serve to indicate the 
dangers attendant upon the use of desoxycorticosterone esters and I 
think that they are of sufficient gravity to justify a warning concermng 
their indiscriminate or uncontrolled use 

Results of Treatment 

It is beyond the scope of this paper to discuss the details of treatment 
I might, however, say a few words concerning our experiences Four 
out of eighteen patients who have been under treatment with synthetic 
hormone in the past 10 months have died One of these succumbed 
secondary to cardiac insufficiency, as has been stated Another died with 
advanced tuberculosis Two died suddenly at home and information 
obtained has not been sufficient to interpret the cause of death One 
other patient died unexpectedly while under observation in the hospital 
She had had mild cardiac insufficiency of the type already described and 
her blood electrolyte pattern except for slight depression of the potas- 
sium level was essentially normal 3 days before death The night before 
her death she had a rise in temperature to 103° associated with vomiting 
and slight sore throat but the next morning, except for mild symptomless 
hypoglycemia (her blood sugar was 62 mg per cent), she appeared well 
On rounds, she gagged mildly while having her throat exammed and 
fell back on her pillow dead Autopsy afforded no explanation for her 
sudden demise The remaining patients have made extraordinary gains 
as far as their sense of well-being, their strength, their appetite, their 
weight, and their outlook on life are concerned Some are at work and 
others are, from the point of view of strength, capable of undertaking 
their normal activities It must be remembered, however, that the major- 
ity of patients with Addison’s disease are suffering not only from adrenal 
insufficiency but also from tuberculosis which offers a therapeutic 
problem in itself 
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The individual hormone requirements of patients with adrenal insuf- 
ficiency vary widely and our patients appear to need as a maintenance 
dose between 1 and 10 mg daily administered in peanut oil under the 
skin It seems to us that the dangers of cardiac insufficiency may be 
greatly diminished if the dose of hormone is sufficiently great so that 
the patient will not require a salt intake in excess of the normal diet 
The treatment of the acute crises requires the parenteral administration 
of glucose in normal salt solution and the administration probably m 
most instances of about 2 5 mg of hormone daily for a period of 3 or 4 
days The blood sodium level, the arterial pressure, the venous pressure 
and the patient’s general condition must serve as the guides to dosage 
In conclusion it may be reiterated that in recent years a great deal 
has been learned concerning the nature of the disturbances present in 
adrenal insufficiency While many of these appear to be related directly 
or indirectly to disturbances m electrolyte and water metabolism or to 
abnormalities in carbohydrate metabolism, there remain innumerable 
problems which have not been solved 

With the synthesis of desoxycorncosterone there has been made 
available a valuable therapeutic agent for the correction of disturbances 
in electrolyte and water metabolism in adrenal insufficiency This syn- 
thetic hormone offers considerable hope for the future of those indi- 
viduals suffering from Addison’s disease, but it seems likely that other 
substances will become available which will find wider application in 
the correction of the multiple disorders present 


referenced 


1 B luraann, E J and Kurland, S 
Changes in the inorganic constituents of 
blood in suprarenalectomized cats and 

rabbits ,3 Biol Chew, 1926-27, 71 281 

2 Marine, D and Baumann, E J Dura- 
tion of life after suprarenalectomv in 
cats and attempts to prolong it by in- 
jections of solutions containing sodium 
silts, glucose and gljcerol, Am J 
Physiol , 1927, SI 80 

3 Loeb, R F Chemical changes in the 
blood in Addison’s disease. Science, 1932, 
76 120 

1 Loeb, R T Effect of sodium chloride 
in treatment of a patient with Addison’s 
discise, Proc Soc Exper Biol <S Med, 
1932-33, 30 808 


5 loeb, R F, Atchlcj, D W, Benedict, 
L M and Leland, J Electrolyte bal- 
ance studies in adrenalcctomizcd dogs 
with particular reference to the excre- 
tion of sodium, J Exper Med , 1933, 
57 775 

G Harrop, G A , Weinstein, A , Soffcr, 
L J and 1 reseller, J H lhc di ignosis 
ind treatment of Addison’s discise 
JAM 1 , 1933, 100 1850 

7 H irrop, G A Di ignosis mil tre itment 
of Addison’s disease, JAM 1 , 19 13, 
101 388 

S Allers, W D and Crandall, I A , Jr 
Growth m adrenalectoim/ed puppies on 
diet low in potassium, high in sodium 
chloride, sodium citrate, Proc Soc 




Adrenal Insufficiency 


367 


Exper Biol § Med, 193G, 34 878 

9 A\ lllson, D M and Sunderman, F W 
Studies in serum electrolytes, the effect 
of water restriction in a patient with 
Addison’s disease receding sodium 
chloride, J Clin, Investigation, 1939, 
IS 35 

10 W inter, C A , Gross, E G and Ingram, 
AV R Serum sodium, potassium and 
chloride after suprarenaiectomy in cats 
with diabetes insipidus, J Exper Med , 
1938, 67 251 

11 Allers, AV D 1 lie influence of diet and 
mineral metabolism on dogs after supra- 
renalectomy, Proc Staff Meet Mayo 
Chn , 1935, 10 40G 

12 Zwemer, R L and TruszhowsLi, R 
Potassium a basal factor in the syn- 
drome of corticoadrenal insufficiency, 
Science, 193G, S3 558 

13 AVilder, R M , Snell, A M et al 
Control of Addison’s disease with a 
diet restricted in potassium a clinical 
study, Proc Staff Meet Mayo Clin, 
1936, 11 273 

14 Marshall, E K, Jr and Davis, D M 
the influence of the adrenals on the 
kidneys, J Pharm § Exper Therap , 
191G, S 525 

15 Margitay-Becht A and Gomori, P Die 
Nierenfunktion bei der Addisonschen 
Krankheit, Ztschr f d ges exper Med, 
1938, 104 22 

16 Harrison, H E and Darrow, D C 
Renal function in experimental adrenal 
insufficiency, J Chn Investigation, 1938, 
17 505 

17 Porges, O Ueber Hypoghkamie bei 
Morbus Addison sowie bei nebenmeren- 
losen Hunden, Ztsclir f klm Med , 
1909-10, 69 341 

18 Britton, S AV and Silvette, H The 
ipparent prepotent function of the ad- 
renal glands, Am J Physiol, 1932, 
100 701 

19 Long, C N H Adrenal cortex and car- 
bohydrate metabolism. Sigma Xt Quart , 
1938, 26 175 

20 Kend ill, E C The influence of cortin, 
insulin and glucose on the metabolism 


of potassium, Proc Staff Meet Mayo 
Chn, 1938, 13 519 

21 Long, C N H, Ivatzin, B and Pr\, 
E G The adrenal cortex and carbohy- 
drate metabolism. Endocrinology, 1910, 

26 309 

22 Ingle, D J Personal communication 

23 A erzar, F , Hubner, H and Laszt, L Die 
Bindung des Lactoflai ms als L ictoflav m- 
phosphorsaure nil Ixorper mch Xeben- 
merenextirpation, Biochem Ztschr , 1937, 
292 15 2 

24 Ferrebee, J AV Personal Communica- 
tion 

25 1 horn, G AA r , How ard, R P , Emerson, 
K, Jr md Firor, A\ r AI Ireatment of 
Addison's disease with pellets of cristal- 
line adrenal cortical hormone (sinthetic 
desoxy-corticosterone acetate) 1 m- 
plintcd subeutaneoush, Bull Johns 
Hopkins Hosp , 1939, 64 339 

26 Steigei, M and Reichstein, 1 Partial 
s\ nthesis of a cr\ stallized compound 
with the biological aetmtv of the 
adrenal cortical hormone, Xature, 1937, 
139 925 

27 Thorn, G AV , Howard, R P and Em- 
erson, K , Jr Treatment of Addison’s 
disease with desox v-corticosterone ace- 
tate, a synthetic adrenal cortical hor- 
mone (preliminary report), J Chn 
Imestiqation, 1939 IS 449 

28 Cleghorn, R A , Fowler, J L A and 
AA enzel, J S The assa\ of desox\ -corti- 
costerone acetate and its use in the 
treatment of Addison’s disease, J Chn 
Ini'estigation, 1939, IS 475 

29 Lew Simpson, S The use of smthetie 
desoxy corticosterone actetate in Addi- 
son’s disease. Lancet, 1938, 2 557 

30 Ferrebee, J AA r , Ragan, C, Atchley, 
D AA r and Loeb, R F Desoxvcortico- 
sterone esters, certain effects in the 
treatment of Addison’s disease, J A 
M A , 1939, 113 1725 

31 Stahl, J , Kuhlmann, D and Urban, M 
A propos du mecamsme de 1 msuffi- 
sance renale au cours de 1’insufSsance 
surrenalienne experimentale, Compt 
rend Soc de biol , 1938, 127 1286 


3 6 8 


THE BULLETIN 


THE CUSHING SYNDROME, 
NEOPLASMS OF THE ADRENAL GLAND* 

Solomon Silver 

Adjunct Physician, Mount Smai Hospital, New York City 


owe a great debt to Dr Harvey Cushing 1 for his careful 
delineation in 1932 of the clinical syndrome which now 
bears his name Such a striking picture could not escape 
notice and there are earlier references to some of its 
features Hippocrates 2 said of Phoetas, wife of Pythias, 
that she lost her periods, became masculinized and developed a beard 
The first definite case is the often misquoted one of William Cooke, 3 
who reported, in 1 8 1 1 under the title “A Case of Internal Hydrocepha- 
lus,” the findings in a child who presented plethoric obesity, hirsuties 
and an enlarged clitoris At postmortem examination there was found a 
tumor m the region of the right adrenal gland Although Thornton 1 in 
1 890 had removed an adrenal tumor from a woman and had seen hn> 
suties disappear, it was not until 1904 that Bulloch and Sequemr’ clearly 
outlined the relation of the adrenal gland to virilism Apert, 0 m 1910, 
collected a considerable series of cases and confirmed the view that the 
obesity, amenorrhea and hirsutism were of adrenal origin In 1921 
Achard and Thiers 7 described their cases of “diabetes des femmes a 
barbe” in which the association of diabetes, amenorrhea and hirsutism 
was noted This then, m brief, was the state of our knowledge in 1932 
when Cushing published his excellent report He sharply outlined a 
clinical picture consisting of a rapid, plethoric, painful obesity affecting 
primarily the face, neck and abdomen, but usually sparing the limbs, 
thus giving rise to an obesity of the buffalo type The facial changes 
made the eyes appear small and slit-like, the so-called pig eyes There 
was acrocyanosis of the extremities with purplish lmeae atrophicae on 
the thighs and the lower part of the protuberant abdomen Hirsuties 
was marked and necessitated shaving by the women affected There 
was a tendency toward polycythemia and hypertension, and glycosuria 
was a frequent finding, as was hypercholesterolemia There was mus- 

* Read October 30, 1939 at The New \orh \cademy ot Medicine in the Twelfth Graduate fortnight 
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cular weakness and osteoporosis which led to a cervicodorsal kyphosis 
with shortened stature Occasionally, the osseous changes led to patho- 
logical fractures Amenorrhea was present in the females and impotence 
in the males In addition there was a marked susceptibility to mfectious 
processes, particularly of the skin Mental changes seemed to be an in- 
tegral part of the syndrome, and fully developed psychoses were seen 
Renal damage, including malignant nephrosclerosis, has been noted 3 
Cushing attributed this clinical picture to the presence of a function- 
ing basophilic adenoma of the anterior lobe of the pituitary gland and 
he reported clinical regression after \-ray treatment to the hypophysis 
In 1935 Oppenheimer and I 9 reported a patient we had observed in 
1932 who presented all the features described by Cushing At post- 
mortem examination, the pituitary gland revealed no tumor even on 
serial section There was, however, a large carcinoma of the adrenal 
cortex At that time and again in 1937 10 we reviewed the literature and 
concluded that there were no clinical features by which we could dif- 
ferentiate cases of Cushing’s syndrome due to an adrenal tumor from 
those due to a basophilic adenoma of the pituitary 

Our clinical material consists of seven patients who all presented 
typical clinical features of Cushmg’s syndrome These features need not 
be detailed again, but all of the patients were undoubted cases of the 
disease as you can see in the photographs (Figs 1 to 6) 

Of these seven patients, four were operated upon and the following 
were the operative findings 

One case of carcinoma of the adrenal cortex 
Two cases of adenoma of the adrenal cortex 
One case of normal adrenal glands (the only male case) 

Two patients died on the medical wards and at postmortem examination 
there was found in one, a carcinoma of the adrenal cortex, m the 
other, simple hyperplasia of the adrenal glands, combmed weight 24 4 
grams We were unable to complete our studies of the seventh case An 
eighth case due to an adrenal carcinoma has been seen since this report 
was prepared Of the four patients operated upon, all died We were 
unable to secure permission to examine the pituitary gland m the three 
patients who had adrenal new growths The pituitary gland revealed no 
tumor on serial section m the fourth case, that is, the male with normal 
adrenal glands at operation and postmortem One of the patients oper- 
ated upon, the patient with an adrenal carcinoma, survived the operation 
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Fig 1 \uthors case, Cushing’s Syndrome, due to adrenal cortical carcinoma 

Fig 2 Author’s case, Cushing’s Syndrome, due to adrenal cortical adenoma 

Fig 3 Cushing’s case, Cushing’s Syndrome, due to b isoplnlic adenoma of the pituitan 

Fig 4 Turnbull's case, Cushing’s Syndrome, due to thymic carcinoma with adrenil 

cortical hyperplasia 

Fig 5 Wieth-Pedersen’s case, Cushing’s Syndrome, due to sarcoma ( 5 ) of the pitui- 
ary , adrenal cortical hyperplasia 

Fig 6 Author’s case, Cushing’s Syndrome, no anatomic lesion in any of the endocrine 
glands 
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for two months In this period a remarkable improvement took place 
The plethoric obesity of her face disappeared, the blood pressure re- 
turned to normal levels, the menses returned and the glucose tolerance 
improved The restoration toward normal was striking, and there was 
no doubt that it was the result of the removal of the adrenal tumor 

Of the seven patients studied by us, four had tumors of the adrenal 
glands, tw o had no tumors either of the adrenal or pituitary glands, and 
the seventh could not be followed No one of our three patients w hose 
pituitary glands we could examine showed a basophilic adenoma 

Hirsutism and the Differentiation of the Various Txpes 

The most striking single clinical feature in the symptom complex 
under discussion is the presence of hirsuties This is particularly marked 
in the females who constitute a great majority of the cases so far re- 
ported 

From a pathologic-anatomic viewpoint there are five groups of 
lesions associated with hirsuties, namely 

1) Pineal tumors, usually teratomas 

2) Ovarian tumors (arrhenoblastomas of Robert Meyer) 

3) Thymic tumors 

4) Adrenal cortical tumors 

5) Basophilic tumors of the pituitary (Cushing) 

There is an additional group of cases m which hirsuties is a prominent 
feature and at autopsy no anatomic evidence can be found in any of the 
endocrine glands to explain its presence This “idiopathic group” has 
been known for a long time and in its minor forms may be seen daily in 
any obesity or endocrine clinic These patients are characterized by their 
general w ell-being, the failure of their symptoms to progress, and the 
absence of any physical or laboratory findings to explain their com- 
plaints V hen they present only hirsuties and obesity they are merely 
cosmetic problems and are left alone, but when they show progressive 
deterioration, loss of sexual power, hypertension, osteoporosis and other 
features of \\ ell-developed basophilism, they are very difficult problems 
in diagnosis and therapy That even complete, typical cases of Cushing’s 
syndrome may present no tumor formation m any of the endocrine 
glands is pro\ ed by tw o of the patients in our senes and other cases in 
the literature 

The hirsutism of pineal lesions usually presents no diagnostic diffi- 
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culties with regard to pituitary basophilism The cases are almost all 
examples of pubertas praecox m young boys The typical obesity with 
striae is absent, hypertension is uncommon, and the signs of an intra- 
cranial lesion usually make the diagnosis fairly obvious 

The arrhenoblastomas of Robert Meyer present hirsuties as a leading 
symptom, but obesity and hypertension are not usually associated These 
patients, as a rule, should present no problem, but if either obesity or 
hypertension, or both, should be associated with the husunsm due to 
the ovarian growth, the differential diagnosis from pituitary basophilism 
might not be easy This is especially true when it is recalled that the 
ovarian tumor may escape detection by physical examination 

The patients with thymic tumors who present hypertrichosis are 
particularly interesting The three recorded examples presented prac- 
tically all the features outlined by Cushing as occurring in pituitary 
basophilism In fact, in one case the findings were so suggestive as to 
lead Cushing himself to predict that a basophilic adenoma would be 
found as the anatomic lesion Serial sections of the pituitary revealed no 
tumor or basophile preponderance, but marked adrenal cortical hyper- 
plasia was found in all three of these cases of thymic tumor It is prob- 
able that the clinical features were a manifestation of the adrenal hyper- 
plasia The literature contains many examples, including our own, of 
patients who presented all the features of Cushing’s syndrome clinically 
At postmortem these showed normal pituitary glands so far as tumor 
formation is concerned but marked changes in the adrenal cortex con- 
sisting of cortical adenoma, cortical carcinoma or simple cortical hyper- 


To complete the pathological variations, typical cases of Cushing s 
syndrome have been reported where the only lesion found was the one 
predicted by Cushing, namely, a basophilic adenoma of the pituitary 
This lesion has been present alone m several of Cushing’s cases and m 
others reported in the literature Pardee,- m a relatively recent review, 
is of the opinion that the basophilic adenoma is the basis for the syn- 
drome We cannot, however, agree that osteoporosis is of any value m 
the exclusion of cases of adrenal origin We have seen marked general- 
ized decalcification of bone with pathological fractures in cases due 
proved adrenal tumors 

At this point I should like to show you photographs of seven patien 
who presented typical examples of Cushing’s syndrome c mica y 
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Fig 7 — Perirenal insufflation of air 
showing tumor of ailrenal gland 


think you will agree that the patients present a remarkable similarity, 
yet each one had an entirely different lesion pathologically There can 
be no doubt, that we are dealing with a clinical syndrome, not a patho- 
logical entity and yet there must be some underlying common denomi- 
nator m all these varied lesions to result in such clinical similarity We 
believe that denommator to be altered adrenal function (Figs i to 6) 

There have been several clinical and laboratory aids that seem to be 
of some use in studying these cases First, Cahill and later, Mencher 
have been very successful in delineating the size of the adrenal glands 
and the presence or absence of an adrenal tumor by \-ray examination 
after the injection of air into the perirenal tissues Figure 7 is the roent- 
genogram of one of our cases m which the tumor w as demonstrated and 
later remov ed surgically (Fig 7) 

In 1934 Robert T Frank 1 - demonstrated the presence of gready 
increased estrogenic actn lty of the urine in cases of Cushing’s syndrome 
due to an adrenal cortical carcinoma This finding has been confirmed 
for the group here reported Interestingly enough, it was not present 
in the t\\ o cases of benign cortical adenoma studied 
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In 1933 Broster and Vines 13 reported a specific staining reaction for 
the cells of the adrenal cortex in cases of virilism They stated that the 
cortical cells stained a deep red when treated with the Ponceau-fuchsin 
stain, the so-called “fuchsmcphihc reaction ” Later studies have failed 
to substantiate the specificity of this reaction 

In 1935 Crooke 14 reported that the only constant pathological fea- 
ture in all the cases of Cushing’s syndrome that he could study was a 
peculiar hyahmzation and vacuolization of the cytoplasm of the baso- 
phile cells of the pituitary gland with the disappearance of the normal 
granular structure of the cytoplasm He found this change in Cushing’s 
original cases, in the cases due to thymic tumors and in some cases due 
to adrenal tumor or hyperplasia The change was present in the cells of 
the anterior lobe, and not in the cells of the basophile tumor itself in 
those cases in which a basophile adenoma was present Crooke found 
this change in every case of basophilism which he could study and states 
that it is the anatomic basis for the syndrome This hyahmzation of the 
basophile cells was present in all three of our own cases which were 
studied Gellerstedt 15 confirmed this finding and added that in his opin- 
ion “the basophile adenoma has no significance as an etiological factor 
m Cushing’s syndrome” More recently Eclcer 10 studied 721 pituitary 
glands from normal subjects and found the change described by Crooke 
in only 1 1 per cent He also found the same alteration in 5 5 per cent 
of seventy-two basophilic adenomas from patients who did not present 
Cushing’s syndrome Ecker concludes “It appears, therefore, unwar- 
ranted to consider hyahmzation as invariably associated with the 
state designated as pituitary basophilism ” Nevertheless one is struck by 
the low incidence of the changes noted by Crooke in this large control 
series and the high incidence in basophilism It seems to me that the 
changes described by Crooke are significant 

In 1939 Crooke and Callow 17 reported the excretion of large amounts 
of androgenic substances and the presence of trans-dehydro-androstcr- 
one m the urine of patients suffering from Cushing’s syndrome due to 
malignant adrenal tumors These androgens were not present in excess in 
similar clinical cases due to other lesions They suggest that excessive 
androgen excretion, which can be approximated by a simple colori- 
metric test, indicates an adrenal tumor in cases of Cushing s syndrome 
They were unable to confirm Frank’s finding of increased estrogenic 
substances in their two cases 
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Prognosis and Treatment The condition is a serious one Most of 
the patients survive only several months to se\eral yeirs, llthough 
Cushing himself described a patient alive after 22 yeirs, and Rolleston 
quotes a patient of Maranon’s alive after 17 years Obviously , the prog- 
nosis varies with the pathologic basis of the syndrome and not too much 
can be expected in patients suffering from malignant disease of the 
adrenal, thymus or pituitary 

Cushing recommended radiotherapy to the pituitary gl ind ind re- 
ported very striking results Other observers have confirmed his obser- 
vations, but this therapy frequently is unavailing Because the pituitiry 
tumors are usually very small, surgical approach is rarely indicated, 
although it has been attempted and radium has also been implanted 
directly into the hypophysis after surgical exposure 

It is in those cases of Cushing’s syndrome due to an adrenal lesion 
that it is particularly important to make an early diagnosis, because it is 
in this group that brilliant surgical results have been achieved \\ ith com- 
plete restoration to normal It is obvious that early recognition is par- 
ticularly vital in malignant diseases if we are to expect favonble results 
We are fortunate in possessing several direct leads enabling us to detect 
the adrenal cases and we xvish to enumerate them now for emphasis 

1) Perirenal and penadrenal insufflation of air xvith x-ray photo- 
graphs, pyelographic studies are an additional aid 

2) Biologic assay of urine for estrogens 

3) Biologic and chemical assay of urine for androgens 

In addition, this group is rare in men, occurs in women and is most 
frequent in female children 

All who have had surgical experience with these patients are aware 
of the very high operative mortality We have attempted to reduce 
this by active treatment to combat surgical shock and adrenal failure, 
and have used large doses of adrenal cortical hormone postoperatively 

In closing this part of the discussion greatest credit should be given 
the contributions of Harvey Cushing to this subject Even if “basophil- 
ism” in 1 strict sense is not the entire answer to the problem, we are 
all indebted to Cushing for his clear clinical delineation of the syndrome 
and for our renewed interest m it 

In the preceding discussion I line considered some tumors of the 
adrenal cortex w Inch present endocrine disturbances as clinical features 
Professor Young will present some other clinical features of hyper- 
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Chait I— Chart showing origins of adrenal medullary cells and tumors 
derned therefrom 


function of the adrenal cortex There remain to be discussed those 
tumors which originate from the adrenal medulla Chart I indicates the 
differentiation of the cells of the adrenal medulla and the tumors that 
may arise at the various stages of development Of these tumors only 
those derived from the pheochromocytes have endocrine significance 
(Chart I) 

The sympathogomomata are a very malignant group of tumors 
that occur during intrauterine life or earliest infancy They are usually 
bilateral and result in early death They include many of the so-called 
retroperitoneal sarcomas and the round-cell sarcomas of infancy 

The neuroblastomas are tumors that usually occur in childhood 
and present themselves clinically as retroperitoneal malignant growths 
In 1901 Pepper 18 reported one case and reviewed five others In 1907 
Hutchinson 19 reported ten cases of adrenal “sarcoma” in children with 
metastatic deposits m the skull and orbits From a histological point of 
view the tumors described by Pepper and Hutchinson are identical, 
but there has persisted a clinical differentiation The Pepper type is 
characterized by the preponderance of abdominal signs, a large liver, 
ascites and cachexia The Hutchinson type presents tumors m the skull, 
especially about the orbits, with proptosis and ecchymosis of the eye- 
lids, and may resemble chloroma or infantile scurvy 

It has been suggested that the Pepper, or abdominal type, results 
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from 1 tumor of the right adrenal gland because of its intimate \ iscular 
and hmphatic connections with the iner, while the Hutchinson or 
osseous form of the tumor arises from a primary lesion of the left idreml 
gland as a result of lymphatic drainage to the left intcrcostil \esscls 
and through the deep cer\ ical chain to the base of the skull It is doubt- 
ful whether this schematic concept is adequate These tumors ire not 
associated w ith the sexual changes seen in cortical tumors and arc w ith- 
out endocrine significance 

New grow ths derived from the mature pheochromocytes may occur 
in any location where pheochrome tissue exists They have been re- 
ported as arising in the carotid body, the retroperitoneal tissues, llong 
the abdominal aorta and its branches, the organ of Zuckerkandl, md 
in the sacrococcygeal region as w'dl as in the adrenal medulla itself The 
general clinical features are similar no matter w'here the tumor originates, 
and are due to the secretory activity of the growth Large amounts 
of adrenalin have been isolated from such tumors Belt and Pow r ell"° 
estimated 20 grams of adrenalin to be present in a grow-th weighing 
1000 grams 

The patients are usually adults although the tumor has been reported 
as early as the second year of life, and as late as the eightieth The 
growth is rarely bilateral, and may vary in size from se\ eral millimeters 
to 12 5 cm m diameter 

The tumors are w'ell encapsulated and often surrounded by a shell 
of normal adrenal medulla and cortex They are prone to hemorrhage 
and necrosis with cystic changes Microscopically, the tumors consist 
of nests or cords of polyhedral cells separated by their connective tissue 
stroma rich in capillaries The predominating cellular element is a poly- 
hedral cell with abundant finely'’ granular cytoplasm, and a large nu- 
cleus containing a chromatic network The affinity' for the chrome stain 
is \ amble some cells staining deeply' and others lightly or not at all 
Hyaline inclusions are present 

The characteristic clinical feature presented by' these tumors is the 
occurrence of paroxy smal crises w Inch may occur spontaneously or 
may be induced by emotion, exposure to cold, ph\ sical strain, manipu- 
lation of the tumor, or any of the pharmacological procedures know n 
to cause adrenalin secretion These crises resemble the s\ mptoms pro- 
duced bv a large dose of adrenalin, namely anxiety', pallor, tremor, 
sw citing nausea, \omitmg, headache, cardiac palpitation, tach\ cardia, 
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Chart II— Illustrating pressor effect of patient’s plasma when perfused 
through denervated rabbit’s ear and the re\ ersal effect of ergot imine 
(From Beer, King and Prinzmetal) 


a feeling of constriction in the chest, dyspnea, hyperglycemia, glyco- 
suria and a sudden marked increase in blood pressure, particularly 
systolic As a rule, the relative rise in the systolic blood pressure exceeds 
the rise in diastolic pressure but diastolic pressures of 240 mm of 
mercury have been reported The paroxysms may be rare or may occur 
as frequently as every 30 minutes In the early phases the blood pres- 
sure may be normal between attacks, but as the disease progresses, per- 
manently high blood pressure with all of its cardiovascular concom- 
itants is encountered Death may occur m shock or pulmonary edema 
during a paroxysm, and sudden death has been reported after such 
trivial procedures as a tooth extraction, anesthesia or a minor operation 

Clinically the syndrome is frequently confused with exophthalmic 
goiter, and in several cases thyroidectomy has been performed The 
association with thyroid adenoma and thyroid carcinoma has been 
recorded 

The final evidence for the hormonal nature of the symptoms, the 
demonstration of a hyper-adrenahnemia was long delayed Earlier 
attempts are recorded, but I think that the first demonstration of the 
presence of an excess of adrenalin in the circulation during a paroxysm 
was made by Beer, Kang and Prinzmetal 21 In 1937 th e y observed a 
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Chart III — Illustrating absence of pressor effect of patient’s plasma 
following operate e removal of tumor (From Beer, King and Prinzmetal) 


patient with a pheochromocytoma in whom crises could be induced 
by exercise I show you two of their charts The first shows the vaso- 
constrictor properties of the plasma and the disappearance of these 
properties after ergotamme This is strong presumptive evidence of the 
presence of circulating adrenalin or at least an adrenahn-like substance 
The second shows the absence of vasoconstrictor properties in the serum 
after the tumor had been removed (Charts II, III) 

There have been presented this evening tu o interesting and impor- 
tant clinical states One of these, due to a tumor of the pheochrome 
tissues, is quite clear-cut in its pathogenesis, clinical features and treat- 
ment The other, Cushing’s syndrome, is still in the process of being 
moulded into its final shape Time will decide whether it is really a 
pituitary, adrenal or polyglandular syndrome It is, at least, an inter- 
esting one 
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tjJurgical procedures should be based on physiological and 
clinical understandings of the problems, and elucidation 
of these problems by such authorities as we have heard 
tonight, makes one realize how ineffectually we have 
been forced to grope surgically without adequate prepar- 
atory knowledge Surgery’s history is one of trial and error, and with 
such careful physiopathological research to guide us, our responsibility 
in the operative field of the future will be greater 

The lymphatic system is one of great surgical importance, because 
our triumvirate of tissue response, localization and absorption from in- 
fection are dependent upon its proper function, while our concept of 
surgery m malignancy rests on en bloc excision of the tumor and its 
primary extent to neighboring lymphatics My discussion of the lympha- 
tic system will be confined to that group which we consider amenable 
to modifications of the original Kondoleon principle, namely, the 
elephantiasis cases Many of these patients with lymphedema, from an 
etiological standpoint, are not classifiable m the light of our present 
knowledge In an effort to clarify them, we have prepared a surgical 
classification based on whether or not they might be expected to respond 
to surgical intervention 


Surgical Classifications of Lymphedema 


I Amenable to Surgical Treatment 

i Modified Kondoleon Procedure (as presented) 
a Idiopathic 

1 Prtecox 

2 Congenital or familial (Milroys) 


* Read December 7 1939 at the Stated Meeting of The New York Academy of Medicine in. the 
Symposium on Disorders of the Venous and Lymphatic Systems 
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b Acquired 

1 Trauma (accidental or surgical) 

2 Filanasis Bancroft 

3 Occasionally group secondary to venous pathology 

2 Local Surgical Intervention 
a Pressure, growth, etc 
b Traumatic or operative scars 
c Most venous obstructions 
d Local inflammation 
e X-ray, radium and other burns 
f Congenital lymph collections (cystic hygroma, etc ) 

II Not Recommended for Surgical Treatment 

1 Milk idiopathic lymphedema 

2 Fungus infections 

3 Malignancies with invasion 

4 Allergic or systemic lymphedemas 

In a study of the last twenty-four patients diagnosed as having ad- 
vanced lymphedema at the Vascular Clinic in New York Post-Graduate 
Hospital, eight have been the so-called simplex; or praecov form, eight 
have followed chronic phlebitis— for the most part, after operation- 
five have been secondarily due to severe varicose venous pathology, two 
have been familial, or in the true Milroys group, one has been of filarial 
origin and two have followed infection— one after lymphangitis and 
one after epidermophytosis During the past year eleven patients with 
occlusion of the lymphatic channels have registered Two were post- 
mfecnonal, one, post-traumatic, two, postoperative, and six were of the 
idiopathic type For the past three years selected patients from this last 
group have been subjected to a modification of the original Kondoleon 
procedure and this modification will be described in detail 

The lymphatic system, being a separate and complete circulatory 
system of itself, resembles the venous system and picks up such tissue 
products as the venous system does not remove In lymphedema, an 
occlusion occurs in the lymphatic vessels, which may be caused by 
pressure, inflammation or thrombosis Fibrosis soon follows and the 
drainage of these lymphatic vessels is permanently closed, possibly 
accelerated by the increased protein content, which Drinker, Field and 
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Homans found to reach a height of 4 per cent Lymph then accumulates 
in the tissue spaces, with no normal method of escape With elevation 
of the part, it passes through the tissue spaces to the abdomen and is 
drained With dependency, it again collects and with increasing disten- 
sion the size of the part increases 

In mild cases of lymphedema, mere support is sufficient, the wearing 
of a rubber stocking and elevation of the leg for part of the day, with a 
restricted activity, permits these patients to continue quite satisfactorily 
In certain patients, mecholyl by iontophoresis has relieved mild lymphe- 
dema and Irving Wright, of the Vascular Clinic, has a followed series 
of these patients In others, however, supportive measures are entirely 
inadequate and m general the results have not been too encouraging 
In progressive cases the part becomes so large that it is unwieldy 
and disfiguring, and with periodic febrile reaction, many of these indi- 
viduals become economic liabilities Some present themselves requesting 
amputation 

While the early conception of skm lymphatic drainage through 
muscles as suggested by Handley and Kondoleon is partly erroneous, and 
some of the beneficial results depend on excision of large sections of 
lymph accumulations m subcutaneous tissues, it appears that after the 
operation some of the lymph may be eliminated through the muscles 
If this were not true, the local excisions of Dieffenbach and Mikulicz 
would have been more successful Recent biopsies on our patients six 
and eighteen months after operation showed a normal histological 
arrangement of the fat cells and no lymph collections If the therapeutic 
effect depended on local excision only, some lymph collections should 
be present m one and a half years 

Regardless of the manner in which the surgical removal of the sub- 
cutaneous tissue and fascia acts physiologically, it is a means of affording 
relief in a high percentage of patients Preoperative and postoperative 
measurements in five extremities, which we have carefully watched for 
from six months to two years, have shown and maintained a reduction 
m the circumference of the leg from a minimum of seven inches in one 
patient, to a maximum of twenty-one and one-eighth inches in our 
most advanced case All of these patients have had a one stage procedure, 
which can be briefly outlined as follows 

The patient is hospitalized, with the leg elevated, for two weeks, 
during which time diuretics are administered The frequently accom- 


384 


THE BULLETIN 


panymg fungus infection is cleared and sulfanilamide is given This 
drug has been used somewhat empirically Drinker and Fields showed 
in their work in experimental elephantiasis in dogs, that just as the febrile 
reaction occurs, there are streptococci present in the lymph and it is to 
eliminate these organisms that the sulfanilamide is given * 

We Mould emphasize the careful selection of the patient, the pre- 
operative preparation, spinal anesthesia, measuring of the size of the leg, 
the undermining of at least three-fourths of the circumference, care at 
the joint, the use of alloy steel wire to reduce reaction and blood trans- 
fusion By being sufficiently radical we have been able thus far to elimi- 
nate a second stage operation on the medial side of the leg In only one 
instance have we had any slough and that was over the dorsum of the 
foot, where we tried considerable undermining In this patient, we were 
operating on a recurrent lymphedema and the previous scars were a 
factor Incidentally, the deep fascia had entirely regrown since a pre- 
vious, much less radical operation at another institution five years before 

Surgical Treatment of Varicose Veins 

Wlule surgical eradication of Venous Pathology is at present 
much more advanced than that of the lymphatic system, we must 
admit to an even longer misunderstanding of the physiological problems 
on which our operations must be based The consideration of all of the 
ramifications of the venous system, of course, is impossible, so I will con- 
fine my discussion to that of the varicose vein problem The pendulum 
of conservative or radical therapy has swung back and forth somewhat 
more rapidly m the treatment of varicose veins than in other problems 
Surgical history illustrates again that there is little new that one can do, 

*A short motion picture was presented demonstrating the operation This detailed 
a surgical technique consisting of an incision starting over the greater trochanter on 
the lateral aspect of the leg and continuing to the external malleolus, with an elliptical 
excision of skin sufficient to make the remaining circumference equal the unaffected leg 
This incision was brought together at the knee to prevent joint constriction A dissection 
of the skin flaps was then made until 75 per cent of the circumference of the skin of 
the leg had been raised from the fat layer No transverse incision was employed 1 he 
incision was then continued through the fat and deep fascia layers and the skin, super- 
ficial and deep fascia were removed en mass, permitting the undermined skin to fall on 
the denuded muscle After hemostasis was secured, the skin was closed with interrupted 
^£32 and #36 alloy steel wire without drainage Blood transfusion was performed and 
the limb was encased in supporting bandages The patient was shown immediately and 
three months after the operation Other patients were also presented by the motion 
picture, both betore and after the operation 
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except to better apply the understanding we have of physiological and 
pathological processes Hippocrates ligated the saphenous vein and injec- 
tions for varicose veins were performed the same year the syringe was 
invented Our only improvement is in asepsis, surgical technique and 
the proper location of the ligation points 

To understand the varicose vein problem, the anatomy and physi- 
ology of the venous return from the leg must be briefly recalled The 
venous return depends on a deep femoral and a superficial greater and 
lesser saphenous system These deep veins are well supported and pro- 
tected by muscle and adequately valved, while the saphenous veins are 
subcutaneous, subject to trauma and without muscle protection or sup- 
port The great saphenous vein, the one involved most commonly in 
varicose veins, drains the medial aspect of the leg and empties mto the 
femoral vein at the fossa ovale Reflux blood from the femoral vein 
normally is prevented from entering the saphenous vein by the saphe- 
nous-femoral valve and inadequacy of this valve permits femoral vein 
blood to flow reversely into the saphenous vein, with back pressure, 
further valve incompetence and varicose veins The area on the medial 
aspect of the leg is inadequately drained, constantly bathed in stagnant, 
deoxygenated blood and the result is edema, discoloration, dermatitis 
and frequently ulceration The two venous systems intercommunicate 
at other points and if the valves fail in these communicating branches, 
there will be reflux blood at these points also, the so-called “blow-out 
points ” The lesser saphenous vein, draining the posterior aspect of the 
leg, empties into the popliteal vein It may be involved in the process 

After a thorough survey of the patient has been completed, and a 
study of the arterial supply made, our problem with these patients is 
then to determine 

1 If the deep veins are open and adequate This can be done simply 
by a modification of the Perthes test 

2 If the saphenous-femoral valve is incompetent, the Trendelen- 
burg test shows this satisfactorily 

3 Incompetence of the valves of the communicating branches must 
be demonstrated and a very simple test, which we have devised in 
the Vascular Clinic has proven satisfactory to us This is done by 
elevating the leg to empty the veins, applying a tourniquet below 
the fossa ovale to prevent saphenous-femoral reflux, and applying 
an Ace bandage from the toes to the tourmquet With the patient 
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standing, the Ace bandage is removed from above down and any 
“blow-out,” as it appears, is marked and measured from the lower 
tip of the patella 

4 Incompetency of the lesser saphenous must be recorded 

We now have completed the third year of a five year study, using 
the technique* outlined and our results, while too early to be conclusive, 
are very encouraging There have been no deaths and no occurrence of 
anaphylactic shock In four instances there have been allergic symp- 
toms, manifested by febrile reaction, urticaria and local redness In 
three patients there have been local sloughs, due we believe, to technical 
failure to apply pressure at an area of redness, indicating sclerosing solu- 
tion collection The catheter has been introduced on an average of 
37 4 centimeters m the last one hundred cases and 26 2 cc has been the 
average amount of injection Of the patients who have been followed 
for over one and one-half years, we have had fifty-one entirely satis- 
factory, two partially satisfactory and two unsatisfactory 

The two partially satisfactory patients have been ones in which there 
was a plexus of branches at the fossa ovale requiring ligation only and 

•SYNOPSIS OF MOTION PICTURE PRESENTED 10 ILLUS1RA1E TIIE 

DESCRIBED 1ECHN1QUE 

After infiltration with local anesthesia at the tossa ovale, the saphenous vein, 
together with its branches, was dissected free After ligating and dividing the branches, 
the saphenous vein was resected at its femoral junction, the proximal enil bung transfixed 
and ligated Through the open, distal end a ureteral type catheter w as inserted for a 
distance of 50 cm and a sclerosing solution (3*4 per cent sodium riunolcate) was in- 
jected, as the catheter was withdrawn 

The advantage of the catheter method was illustrated b\ sections of the veins of 
experimental animals which showed that the sclerotic effect from any injection solution 
is localized and to sclerose a large vein the solution must be umforinlv and segmcntullv 
distributed 

The distal end was then resected for two inches and transfixed and ligated lhe 
wound was closed without drainage A secondary incompetent communicating branch 
or “blow-out” just below the Knee was resected and ligated 'lhe patient w is then midc 
to walk around the operating room and a supporting bandage was applied from the 
toes to the knee Accumulations ot sclerosing solution were prevented bv pressure puls 
As much as 10 to 50 cc of the solution was the amount advocated for sclerosis 

While the amount of solution mentioned may sound radical to some, the reaction is 
so spaced throughout the vein course that local deleterious effects are unusu il A sug- 
gestion that the solution might enter the deep femoral svstem and ciuse sclerosis is 
more theoretical than actual We have seen no evidence that this occurs in more than 
one hundred and fifty injections performed with this technique We know that sclerosing 
solutions in the form of 50 per cent glucose, are injected dailv m competent veins 
without ill effect and the use of the moving catheter restricts the amount of the 
solution that would run into the deep vein at anv one point 
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later injection at the clinic We have not had as satisfactory results 
when the injection is performed secondarily, due we believe, to inade- 
quate saphenous sclerosis in the thigh, where local injections are often 
difficult The two unsatisfactory patients both had chronic phlebitis 
and probably incompetent communicating branches, masked by the 
chronic edema The postphlebitic group definitely are more difficult to 
treat The sloughs were approximately the size of a silver quarter These 
slowly granulated, requiring about six to eight weeks The only slough 
that has occurred since the postoperative routine inspection was estab- 
lished, was at the Welfare Hospital in an elderly, bed-ridden individual 

Improvement of Arterial Circulation 
By Saphenous Vein Sclerosis 

Restricted arterial circulation always has been a contraindication to 
varicose vein injection and Homans has stated that a thrombosis in a 
vein may cause an arterial spasm, which may result in gangrene W e had 
noticed a decrease in the oscillometric readings in all of our varicose vein 
patients after ligation and retrograde sclerosis, which indicated that less 
arterial pressure was necessary for circulation after the inadequate veins 
were eliminated In studying the physiology of the capillary system, it 
seemed to us that some of these patients with deficient arterial supply 
would have their arterial circulation improved if the peripheral resistance 
could be reduced The capillary system is part of the peripheral resistance 
and is a closed system— the blood actually coming in contact with tissue 
cells in only two organs, the liver and the spleen Taking the data of 
Landis as a criterion for discussion, the pressure in the arterial end of the 
capillary loop is approximately 32 mm mercury The osmotic pressure 
in this area is twenty-five, thus giving an outward driving force at the 
arterial end of plus seven At the venous end of the capillary the mtra- 
capillary, or outward force pressure, has fallen to twelve, which is 
below that of the osmotic pressure, which is slightly increased, due to 
concentration, thus normally permitting an equal absorption from the 
tissue spaces at the venous end In the presence of varicose veins, with 
obstructed venous outflow, the pressure at the venous end of the capil- 
lary increases and may rise higher than that of the arterial end Beecher 
lately has shown that there is an increase in the positive pressure in the 
saphenous vein in varicose veins which averages 50 cm of water in 
excess of colloidal pressure Thus in varicose veins, the normal re- 
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absorption of tissue fluid at the venous end is impossible and tissue fluid 
must be carried off by the lymphatic system, if at all An increased 
capillary and peripheral resistance follows, thus making the blood 
supply through arteries already damaged, more difficult Elimination of 
varicose veins, if safely accomplished, should be expected to improve 
the arterial circulation In a group of patients suffering from advinced 
occlusive vascular disease— slx with advanced arteriosclerosis and three 
with thromboangntis obliterans— accompanying varicose veins have been 
eliminated by the procedure already mentioned and clinically all but 
one patient has been improved Claudication has decreased, oscillometnc 
readings have been lowered, thus indicating the necessity of less artery 
pressure In one instance, a trophic ulcer quite promptly has healed In 
the one unsatisfactory result, a major amputation, unrelated to this pro- 
cedure, was necessary one year later Further investigation along this 
line is being done at this time Care is necessary to prevent accom- 
panying arterial spasm by using a small amount of solution, closely 
watching the postoperative course and at times, using antispasmodics 
The history of varicose vein therapy has shown us that it is difficult 
to say that any specific procedure is satisfactory until many years of 
observation have passed We do think, however, that our present line 
of attack is physiologically and anatomically more sound and we hope 
that our subsequent follow-ups will bear this out 
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MECHANISM OF ALLERGY* 

Matthew Walzer 

Attending Physician in Immunology, Jewish Hospital of Brooklyn 


G>5aSHSHSHSH52g HE term allergy is applied to a variety of conditions 
S based on different forms of specific hypersensitiveness In 
S the present communication, discussion will be limited to 
S the mechanism operative in that group of allergic diseases 
SasasasHSHSasra known as the atopic illnesses In this category, hay fever 
and asthma are the outstanding examples, although certain forms of 
infantile eczema, urticaria, angioneurotic edema, and other food and 
drug sensitivities may also be included 

The term atopy is applied to the above mentioned clinical condi- 
tions on the principle that they are all hereditary m nature The heredi- 
tary factor manifests itself m its influence upon the number of offspring 
affected and upon the age of onset of the illness To a lessen cjegree, 
the particular form of atopy which develops, as well as the nature of 
the sensitivity, is affected by the hereditary influence 

The mechanism of anaphylactic shock, which, by definition, in- 
volves the participation of precipitin anchored in a shock tissue of 
smooth muscle, has not been found operative in atopic reactions 

The typical atopic reaction is ordinarily described as that resulting 
from the union in certain predisposed tissue cells or shock tissues, of an 
excitant or allergen with a peculiar antibody known as the atopic reagin 
This antigen-antibody reaction occurring on or within the cells, accord- 
ing to the theory of Lewis and Dale, results in the liberation of histamine 
or a substance of a similar nature which produces an increased vascular 
permeability The resultmg edema is the most important factor in the 
production of clinical atopic symptoms 
The allergen-reagin reaction seems not to be the sole means by which 
the atopic shock tissues may be stimulated The same result may be 
effected by mechanisms m which neither reagins nor any other anti- 
bodies can be demonstrated There is reason to believe that, under cer- 
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tain circumstances, the shock tissue may even be stimulated non- 
specifically 

The atopic reagm is the peculiar human antibody which mediates 
the positive cutaneous reactions elicited by skin tests with various 
allergens in the diagnosis of atopic illnesses Although primarily a cir- 
culating antibody, it manifests a definite affinity for various tissues Its 
affinity for the skm is demonstrated by the ease with which any normal 
human skin can be passively sensitized by an intracutaneous injection of 
a reagm-bearmg serum In a series of studies in mucous membrane hyper- 
sensitiveness, Sherman and Gray and their co-workers have shown that 
the human ophthalmic, nasal and intestinal mucous membranes can be 
sensitized as easily as the skin by mtramucosal injections of reagmic sera 
In fact, when skin and mucous membrane were locally sensitized with 
injections of the same serum and the related antigen was administered 
either orally or parenterally, the reaction at the site in the mucous mem- 
brane usually preceded that at the cutaneous site by several minutes 
Evidence of the affinity of the atopic reagin for placental tissue is found 
m the fact that Bell and Eriksson and all subsequent investigators have 
never found maternal atopic reagins in the fetal circulation, although 
other maternal antibodies regularly pass through the placenta Even 
when he actively induced sensitization during pregnancy with the anti- 
gen of Ascaris lumbricoides, Zohn could not detect any of the maternal 
atopic reagms for this antigen in the cord blood at birth It is undoubt- 
edly this affinity of the reagms for the placental tissue which renders 
the passive intrauterine sensitization of the human fetus highly improb- 
able 

The affinity of the atopic reagin for animal tissues had not been 
satisfactorily demonstrated until the recent experiments of Caulfeild 
and Straus definitely established the possibility of sensitizing the skm 
of the Rhesus monkey with these antibodies Further studies by Straus 
and his co-workers demonstrated the ability of the human atopic reagm 
to sensitize the stomach, intestines, gall bladder and spleen of the Rhesus 
monkey The peritoneum could likewise be passively sensitized, giving 
experimental basis for the belief that serous surfaces in humans may also 
participate m atopic reactions Attempts at passive sensitization with 
the atopic reagm in laboratory animals other than the monkey have 
thus far proved unsatisfactory 

The question as to whether atopic reagms can be produced by 
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experimental animals is not yet answered However, the results of recent 
experiments on guinea pigs and rabbits by Sherman, Stull and Hampton, 
by Caulfeild and by Eagle and their co-workers support the earliest 
contentions of Cooke and Spam that certain immune rabbit sera can 
passively sensitize some human skms Because of the irregularity with 
which such sensitization is accomplished with each serum, and because 
of the atypical nature of the reaction resulting from testing the sensi- 
tized sites, it is not yet clear whether these unusual skin-sensitizing anti- 
bodies are the same as the atopic reagins This question needs further 
investigation 

In contrast to the relatively strong attraction existing between the 
precipitin and its antigen in anaphylactic sensitivity, the reagin and its 
specifically related allergen are only loosely bound to each other The 
affinity of the reagins for the tissue cells is much stronger than that for 
its antigen Hence, reagins may sensitize the human skin cells even m 
the presence of antigen 

A mistaken impression commonly held is that the atopic reagin is the 
sole criterion for the diagnosis of atopy There are certain types of anti- 
gens, however, such as Ascans lumbncoides, Tnchmella spiralis, horse 
serum, insulin, and liver extract which stimulate reagin production 
equally well in non-atopic and atopic individuals On the other hand, 
there are some forms of atopy in which reagins are absent and m which 
even the involvement of an immunologic mechanism may be questioned 
It is obvious, therefore, that the heredity of a predisposed shock tissue is 
much more fundamental m the concept of atopy than is an immunologic 
mechanism involving a hypersensitiveness 

Unlike laboratory animals in anaphylaxis, man has no characteristic 
atopic shock organ One is even at a loss to designate the shock tissue 
in which the atopic reaction takes place, although many observers con- 
sider the reaction primarily a vascular one However, the smooth muscle, 
which is acknowledged to be the primary shock tissue in anaphylaxis, 
has now been ruled out as a possible atopic shock tissue by most investi- 
gators Failure to sensitize the guinea pig smooth muscle with human 
reagins was consistently obtained by Coca and Grove and by subsequent 
workers, while recent experiments have yielded evidence in the same 
direction which is even more convincing Although the skin and 
mucous membranes of the Rhesus monkey can be easily sensitized with 
small amounts of human reagmic sera, Albert, using the Dale technique. 
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could demonstrate no fixation of reagins in the smooth muscle of the 
monkey’s intestinal strip even though excessive amounts of potent 
reaamic sera were used for sensitization Using; a human uterine muscle 
segment obtained from a patient with a positive cutaneous reaction and 
with circulating reagins for horse serum, Tuft also failed to elicit spe- 
cific contractions with the Dale technique Approaching the problem 
from a different angle, Feldman and Sherman, by means of the slit lamp, 
studied the responses of naturally and passively sensitized human con- 
juncture to excitation with the specifically offending allergens No evi- 
dence of vascular contraction was detected at any time during the al- 
lergic reactions There exists, therefore, no experimental justification 
for the assertion frequently made by the clinician that, in bronchial 
asthma and in gastrointestinal allergy, the smooth muscle is the primary 
seat of the allergic reaction 

Evidence recently obtained also tends to exclude the epithelial lining 
of the mucous membranes as the seat of the allergic reaction Of interest 
in this connection have been Grayzel’s observations in microscopic 
studies of the allergic reactions in the organs of the Rhesus monkey 
passively sensitized with human reagmic sera In the gall bladder and 
intestines, the blood vessels and the connective tissue of the lamina 
propria and submucosa seemed to be most affected while the epithelial 
cells and muscle cells appeared least involved Marked edema of the 
loose tissues, engorgement of the vessels, and infiltration of the con- 
nective tissues with cells, frequently perivascular m distribution, were 
findings common to all specimens 

There is additional experimental evidence to indicate that the seat 
of the atopic reaction is not in the epithelial layers of the sensitive mu- 
cosa Sherman and Kaplan reported that topical applications of the 
specific excitant to the passively sensitized nasal mucous membrane in 
humans was far less effective m inducing an allergic reaction than an 
mtramucosal or parenteral injection Similarly, Gray found that, m the 
passively sensitized human rectal mucous membrane, the local application 
of the specific excitant to the sensitized site did not, as a rule, produce a 
maximal allergic response The reaction seemed to reach its height only 
after the excitant had been absorbed into the circulation, the occurrence 
of the latter being marked by the spontaneous lighting up of a cutaneous 
site sensitized with the same reagmic serum Elence, the passively sensi- 
tized mucous membrane sites seemed to receive a weaker excitation from 
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local contact with the antigen than from its absorption, through the 
mucous membrane, into the circulation and its contact with the shock 
tissues from within The fact that this can occur renders it unlikely 
that the epithelial cells which line mucous membranes are the ones most 
involved m the atopic mechanism 

The hypothesis that the increased vascular permeability in the 
allergic reaction results from the liberation of histamine or a histamme- 
like substance does not appear to be entirely adequate Abrahamson by 
lontophoretic methods could not detect the presence of histamine in 
allergic wheals Bowman, m clinical studies, showed that a reagmic 
reaction in the naturally sensitive skin increases the capillary permea- 
bility at that site upon subsequent stimulation, while a histamine reaction 
produces the opposite effect The allergist finds confirmation of an 
increased vascular permeability following atopic reactions m the fact 
that, after a constitutional reaction resulting from pollen therapy, the 
patient’s tolerance to dosage is definitely diminished Despite these 
weaknesses m the histamine hypothesis, a more satisfactory theory is not 
yet available 

There are still many who believe that sensitization to foods and in- 
halants is an accidental phenomenon based on the degree and interval 
of exposure to these allergens That adequate antigenic stimulation is 
necessary for the development of hypersensitiveness is generally agreed, 
as is also the fact that the absorption of traces of ingested and inhaled 
antigen into the circulation in an unaltered form is a normal and physio- 
logic phenomenon which facilitates sensitization to all of these allergens 
The recent studies of Harten and Bowman, however, have yielded con- 
vincing evidence that, in atopic individuals, the hereditary predisposition 
to become sensitive to certain antigenic groups plays an important role 
in the sensitivities which are developed It was found that of 500 patients 
with frank pollmosis residing in this city, all of them, with only six 
exceptions, showed positive cutaneous reactions of varying degree to 
representatives of all of four groups of ubiquitous pollen, namely, 
timothy, ragweed, plantain and trees For the latter test a mixture of 
six common tree pollens was used These positive reactions were spe- 
cific, as they were transferable to normal skins m more than 97 per cent 
of trials In 100 atopic cases with no frank hay fever symptoms, uni- 
formly negative reactions to all of the four pollen groups occurred m 
37 per cent and uniformly positive ones m 55 per cent In 8 per cent 
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there was an absence of uniformity Two sera obtained from hay fever 
cases in Hawau, where the pollinating flora is different from ours, 
showed a lack of uniformity when tested for the presence of reagms 
for the aforementioned four pollen groups Since there is no evidence of 
a common antigen m these pollens, the findings point strongly to a 
predisposition in polhnosis cases to sensitization to the pollen antigens 
The preponderant uniformity in the co-e\istence or absence of such 
sensitivities excludes degree and interval of exposure as significant fac- 
tors in their development The conclusion seems justified that the ele- 
ment of accidental or unusual exposure to common allergens is of much 
less importance in inducing atopic hypersensitiveness to these substances 
than is generally assumed to be the case 
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ALLERGY IN CHILDHOOD* 
Lewis Webb Hill 

Associate in Pediatrics Harvard Medical School 



-JJhe earliest common clinical manifestation of allergy is 
eczema The eczema problem is made difficult by the 
fact that under this heading are grouped several derma- 
toses which are unrelated etiologically, but which may 
sS be similar in appearance However, it is probably true 
that at least 75 per cent of eczematous infants are allergic 

The first allergen to which most of them become hypersensitive is 
egg white, although they have never eaten it Whether the sensitization 
is hereditary, congenital, or by transmission of antigen through the 
breast milk, need not concern us here— the important practical fact is 
that the baby is either bom sensitized, or is sensitized m the first few 
weeks of life Although egg white is the most common allergen con- 
cerned in hypersensitivity when the baby has never eaten the food m 
question, the same thing may occasionally happen with other allergens, 
notably fish and nuts This congenital or possibly hereditary sensitivity 
is usually of high degree the baby is likely to be made violently ill if 
he eats even the smallest amount of his allergen Although such sensi- 
tivities often occur in mfants with eczema, they presumably are not 
directly concerned in its causation, for the sensitization is usually of 
such quality that the infant can take none of the food Those sensitiza- 
tions which cause eczema are milder, and to allergens to which there 
is continuous or frequent exposure without violent symptoms 

The most important allergen with which the young infant, already 
usually sensitized to egg white, next comes in contact, is cow’s milk 
He takes the same amount of milk protein regularly day after day 
and with modern methods of feeding in excessive quantities, as a rule 
over twice as much as if he were breast fed He has been taking also 
orange juice, and soon begins with cereals and various vegetables He 
may become sensitized to any of them Many normal infants will for 
a short time give positive mtracutaneous skin tests and have antibodies 
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m the blood after the introduction of a new food into the diet The 
eczematous infant prolongs and exaggerates this normal immunologic 
response, and while he is doing so, he has eczema Although it is by 
no means true that all such infants are sensitized to milk, and while 
sometimes other foods may be of more moment, it has seemed to me 
that this is by far the most important allergen in early life, and the one 
to which attention should be chiefly directed in any study of the im- 
munology of infantile eczema In a series of 153 infants under one 
year of age, with all sorts of eczema, allergic or non-allergic, 17 per 
cent gave positive scratch tests to milk In another series of sixty-four, 
all with negative scratch tests, 56 per cent gave positive intracutaneous 
tests Normal infants who have been taking milk for a considerable 
time, as did all these infants, do not react to it, so such positive tests 
are abnormal Their etiologic significance, however, is quite another 
matter, and not all positive intracutaneous tests are etiologic However, 
if the scratch test to milk is positive, it has been my experience that 
the eczema is almost always due to milk The same holds true for 
wheat and other foods 

Of the two chief milk proteins, casein and lactalbumin, lactalbumm 
is by far of most consequence It has been said that casein was of no 
significance as an allergen I think, however, that Dr Pratt and I have 
been able to show, in work soon to be published, that sensitivity to 
casern is not uncommon in infantile eczema 

Sensitization to the environmental allergens is not so frequent m 
early life as later, but can by no means be ignored Many eczema- 
tous infants are at an early age sensitized to house dust and feathers, 
two allergens to which they are constantly exposed There is no reason 
for believing that these are not of etiologic significance, but it is 
hard to prove that they are Sensitization to other environmental aller- 
gens is only occasional during the first year 

Infantile eczema usually develops on an allergic soil, and what has 
been learned about allergy m the last few years has given at least a 
rudimentary understanding of eczema Dietetic treatment, however, 
has been wrongly used so frequently m eczemas that have nothing to 
do with the diet, that dermatologists m particular, and sometimes 
rightly, have become skeptical of any but local treatment However, 
there can be no doubt that the present conception of immunologic 
treatment, that is, removal from the diet or environment of those aller- 
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gens to which hypersensitivity exists, represents a real advance, even 
though there are many difficulties and inconsistencies attached to this 
conception, and even though it does not entirely explain eczema 

It is not difficult to plan a diet for an allergic infant, with the excep- 
tion of milk hence I shall not discuss the other foods The common 
practice of trying this milk and that, dried milks, patent foods, and 
various sugars, does no good 

There are three methods of handling the milk situation that may do 
some good 

1) The use of heated milk (usually evaporated) 

2) Goat’s milk 

3) A milk free food 

It has been my experience that in eczema heated milk is not often of 
value The reason for this is probably that while the antigenicity of 
lactalbumin is changed somewhat by heating, it may not be changed 
enough, and that casein is not changed at all, so that if casein sensitivity 
is present, there is no reason why heating should do good I have many 
times seen eczema due to milk sensitivity cured with a milk-free food, 
only to recur when evaporated milk was resumed, and cured again 
when it was omitted In spite of these objections it is probably the best 
form of milk if any cow’s milk is used 

With goat’s milk results may be occasionally very satisfactory, 
more often no better than with cow’s milk Goat casein is lmmuno- 
logically the same as cow casein, and m thirty infants who gave positive 
skm tests to cow casein, also tested with goat casein, there were iden- 
tical reactions to both in every case It has been commonly said that 
goat and cow lactalbumin were species specific, but there has been no 
original work done upon which to base this assumption, except that 
by Versell in 19x5, who found only that goat and cow lactalbumm 
were more species specific than goat and cow casern, but by no means 
entirely so We tested forty -four eczematous infants who gave positive 
reactions to cow lactalbumin with goat lactalbumin of the same 
strength There were ten entirely negative reactions to goat lactal- 
bumin, mne doubtful reactions, much smaller than those to cow lactal- 
bumin, and twenty-five identical positive reactions to both It is well 
known that some proteins contain two or possibly more antigenic deter- 
minants, one species specific, and one common to the protein in question 
and to other closely related proteins as well, and that an individual may 
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become sensitized to only one or to both of these determinants Such 
seems to be the case with eczematous infants 

So milk sensitivity in eczema is in reality more complicated than 
appears on the surface Some infants are sensitized only to the species 
specific factor of cow lactalbumin, others to the factor common to 
both cow and goat lactalbumin, and in either of these two groups there 
may be sensitization to casern as well In still a third, but much smaller 
group, there may be sensitization to casern alone It is probably due to 
this situation that goat's milk is not more often effective in dietetic 
treatment 

The ideal diet for any milk sensitive infant, provided he can digest 
it and thrive on it, is a food which contains no milk With this in mind, 
we developed some ten years ago such a food, the basis of which is 
soy bean flour, and since then several other similar preparations have 
appeared It has been our experience that better results are obtained 
with these foods than with any form of milk If the eczema is caused 
by milk, it will be cured with a milk free diet, if it is not, such a diet 
is no better than milk However, the soy bean foods have the disad- 
vantage that they sometimes cause loose bowel movements and irritated 
buttocks This is probably due to some property of the soy bean flour 
We have found, however, that by boiling in a double boiler for three- 
quarters of an hour, this property is considerably lessened We have 
had opportunity to feed many milk sensitive eczematous infants on 
such a milk-free diet, and consider it a valuable adjunct 

However, it is surely not wise to use a milk-free food as a routine 
If the eczema is mild, whether or not skin tests to milk are positive, 
it can be very well controlled with local treatment, and it is unwise 
to make such a radical change in feeding If skm tests have not been 
done, the use of such a diet is not the careful practice of medicine the 
eczema may not be due to milk In very young or in poorly nourished 
infants the risk of a digestive upset is too great In erythroderma, where 
there is diffuse redness and scahng all over the body, blue feet, and a 
general glandular enlargement, a milk-free diet is not likely to do much 
good, in spite of the fact that these babies are strongly allergic and 
often give positive tests to milk With these reservations, the milk-free 
foods are valuable m the dietetic treatment of selected cases of infantile 
eczema They are by no means a cure-all, for there are many other 
causes of eczema which have nothing to do with milk 
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The food sensitivities represent often a transient phase of abnormal 
immunology through which the infant may pass in a few months, 
and many tend towards recovery during the second year At this time 
they can often take with impunity some of the foods to which they 
were previously clinically sensitive, although their skin tests may per- 
sist However, some may retain their clinical sensitivity to certain foods 
for many years According to Moro about 6 per cent continue with 
eczema all during childhood and even into adult life At this period 
sensitivity to environmental allergens becomes more frequent 

In the treatment of infantile eczema the immunologic approach is 
not the whole story by any means Skilled local treatment is many 
times of equal or greater importance, but inasmuch as the subject is 
allergy, I have stressed the allergic phase more than is justified 

It has become popular to say that many bottle-fed infants who 
suffer from malnutrition, vomiting, colic, diarrhea, and pylorospasm, 
are allergic to cow’s milk Some of this must be true, for so many 
people have said it, but I have seen but a few of these cases myself, 
and while I quite agree that sometimes some of these symptoms may 
be caused by allergy, I do not believe that they are commonly so caused 

There is another and very definite type of milk-allergy in early 
infancy that of the breast fed baby who goes into shock and collapse, 
always with vomiting, and often with diarrhea, when he first takes 
even the smallest amount of cow’s milk, so that it is obvious that he 
cannot be fed it There have been reported in the literature four deaths 
from the ingestion of small amounts of milk These babies are not likely 
to have eczema, and scratch tests to milk are usually, but not always, 
negative 

In contrast to those with eczema, almost all of this group can take 
goat’s milk without symptoms I have seen only five babies of this 
type m 24 years, but have been able to collect fairly accurate data of 
twenty others from the literature and from personal communications 
Of the twenty-five, goat’s milk was tried m sixteen, and was tolerated 
m every instance The sensitization here is apparently clean-cut and 
sharp to the species specific factor of cow lactalbumin alone It seems 
likely that the immunology of these infants is somewhat different than 
m those with eczema, although there are scarcely any data available 
In the blood serum of the only one that I have been able to examine, 
reagins to cow’s milk were absent, although shock was quickly pro- 
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duced by the taking of only a few drops of milk The time conditions 
of antigenic exposure are quite different than m those with eczema, 
which possibly accounts for the clinical and immunologic differences 
The eczematous infants are taking large amounts of milk each day, 
and thrive except for the eczema They are continually exposed to their 
allergen, and have become mildly sensitized, and perhaps partially im- 
munized The shock cases, on the other hand, have never come into 
contact with cow’s milk except possibly in utero or during the neo- 
natal period When they are exposed to it again at the time of weaning, 
after a long period of abstinence, they react so violently that it is quite 
impossible for them to be raised on it The situation here seems more 
closely analogous to animal anaphylaxis, and suggests in a striking 
manner the variations in degree and type of sensitization that may be 
brought about possibly by differences in the time interval and fre- 
quency of exposures This seems to me of fundamental importance in 
any consideration of the mechanism of sensitization 

There are admitted frequently to the wards of every large children’s 
service, children between the ages of 4 and 12 years, who have recur- 
rent attacks of abdominal pain These children are studied to rule out 
the possibility of tubercular abdominal lymph nodes, chronic appendi- 
citis (if there is such a thing), pyelitis, kidney stone, or various ana- 
tomical anomalies of the digestive tract It is not common to find a 
cause for the attacks of pain, and they are often discharged without 
any diagnosis having been made, and are lost track of Some of these 
children have food allergy, but I think that such a diagnosis should be 
made with extreme caution and only after every other possibility has 
been excluded Furthermore, unless the pain comes at frequent intervals, 
or unless the history points to some definite food, it is not satisfactory 
to study the possibility of food allergy while they are in the hospital, 
it takes too long Skin tests are often negative, and it is in this type 
of patient that elimination diets may be of value I do not like com- 
plicated systems of elimination diets, one gets tangled up in them It 
has seemed to me better to put the chdd on a very simple diet con- 
taining only a few foods which rarely cause allergic symptoms, and 
which have given negative mtracutaneous skin tests If the pain is not 
relieved, the attack xvas probably not due to allergy, if it is relieved, 
suspected foods are added one at a time and results noted I have seen 
a \ ery few children in whom such attacks of pain were of allergic 
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origin The child with asthma or eczema who has violent gastrointestinal 
symptoms if he eats food to which he is already known to be sensitive, 
is in a different category, and offers no diagnostic difficulty 

I cannot believe that recurrent or cyclic vomiting is commonly 
caused by allergy there is too much evidence that it is primarily a 
metabolic disorder The occurrence of acetone in the urine often before 
the vomiting begins, the often low blood sugar, the prompt cure by 
the intravenous injection of glucose and insulin, and the fact that it 
may be produced artificially m susceptible children by a ketogemc diet 
—all indicate its metabolic origin although it is, to be sure, but imper- 
fectly understood 

The paralysis which may occur after the administration of tetanus 
antitoxin is w ltness to the fact that allergy may affect the nervous sys- 
tem, and, as Foster Kennedy pointed out in an admirable address here 
last year, the essential lesion of allergy is edema, and if there is edema 
in or around nerve tissue the function of that tissue will be disturbed 
There can be no doubt that some cases of migraine are allergic in origin, 
although in my experience this disorder is not common in children 
However, I have seen recently one boy entirely cured of a long-standing 
and severe hereditary migraine by the omission of wheat, chocolate 
and celery from the diet 

In short, there is a miscellaneous group of somewhat obscure con- 
ditions m which food allergy may be sometimes operative, but I am 
afraid that some of the more progressive allergists may have made too 
much progress in some of these matters I think the more conservative 
ones w ould agree that the diagnosis of food allergy m such conditions 
should be made only with great caution, and only when the evidence 
is incontrovertible there are too many other causes for such symptoms, 
particularly in the digestive tract In the selected material of the aller- 
gist, food allergy may be common in unselected material it is not If 
allerg)* is to keep a good reputation, it must not claim too much, and 
must tread softly and speak modestly when dealing with this border- 
line group 

Respiratory allergy is not so common m early infancy as in later 
infancy and childhood, but even young infants may have asthma or 
vasomotor rhinitis Also, there is a growing belief that the so-called 
capillary bronchitis of young infants, w r hich has always been so amen- 
able to adrenalin, may be allergic The child with frequent colds, 
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particularly if they occur all the year round, may be suffering from 
allergic rhinitis, and such a possibility is worth investigating However, 

I have the impression that the allergic child is more susceptible to ordi- 
nary infectious colds than is the normal child 

Asthma is to the older child what eczema is to the infant The 
chief differences between asthma m the child and in the adult are that 
a higher proportion of cases in children is allergic, and that, while 
respiratory infection is important as a co-e\isting or predisposing factor, 
it is not so important as in the adult asthmatic of long standing, with 
his chronic bronchitis, emphysema, and permanently deformed chest 
The greater the chronic infection, the greater the permanent damage, 
the worse the prognosis the prognosis as to relief or even cure is there- 
fore better in the child than in the adult 

While food allergy may play a part in asthma, environmental aller- 
gens are, as a rule, more important I think most allergists would agree 
that many positive skin tests to foods in older children are simply resi- 
dues of past clinical sensitivities, without significance, for it is common 
for a skin test to persist for a considerable time after the clinical sensi- 
tivity has been lost Furthermore, some positive skin tests may never 
have been of etiologic significance It is usually a mistake to omit a 
large number of foods from the diet of an older asthmatic child, no 
matter what the skin tests show One finds occasionally, but all too 
rarely, an asthma that is due to one definite allergen and one alone 
More often the sensitivity is multiple, and a strongly allergic child may 
give many positive tests to foods and inhalants, which represent all 
degrees of clinical sensitivity Some food proteins which previously 
passed unsplit through the intestinal mucosa, do so no longer Some 
which caused symptoms at one year do not at five years, even if un- 
changed protein is absorbed Others may still be in the acutely hyper- 
sensitive phase The allergic child is never static, his allergic pattern is 
continuously changing, he is becoming acclimated to some allergens 
and sensitized to others 

It is not easy to determine which skin tests are of clinical signifi- 
cance, and no allergic individual can be dealt with correctly solely on 
the basis of his skin tests The only real criterion is production of 
symptoms on exposure to the allergen This requires careful history 
taking, accurate clinical observation, common sense, and the ability to 
evaluate the relative importance of data, to see the whole forest with- 
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out looking too hard at one tree, which after all is perhaps the most 
important thing for the practice of good medicine, no matter in what 
field 

In brief, the basic immunologic treatment in many cases of asthma 
in children is to avoid a very few foods and, insofar as possible, all sus- 
pected environmental allergens, and, when indicated, to inject non- 
specific respiratory vaccines, or in winter, house dust, or in summer, 
pollens 

Any allergic child should be under observation not for weeks or 
months, but for years He overcomes some sensitivities, but acquires 
new ones He has a constitutional defect, just as a diabetic has, which 
cannot be changed by any doctor However, his symptoms can usually 
be controlled, and he has often— but by no means always— the ability 
to overcome his sensitivities and cure himself in the course of time 
The stage of sensitization in the relations of any young individual with 
allergenic material is only part of the picture— the most spectacular, to 
be sure, because he has symptoms during this stage In order to obtain 
a complete view of the whole process, his immunologic status after he 
has passed through the phase of sensitivity needs to be more clearly 
understood This tendency to natural acclimatization, development of 
tolerance, or immunization, if it is permissible to call it so, is perhaps 
the most striking and important observation that can be drawn from 
a study of allergy in the young individual I should like to know better 
the details of the mechanism by which it is brought about 
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ANALYSIS OF MATERNAL DEATHS AND 
HOSPITAL OBSTETRICAL STATISTICS 
IN NEW YORK COUNTY* 

Max Schneider 

Secretary Special Committee on Maternal Welfare The Medical Society of the County ot New York 

Thomas J Duffield 

Registrar of Records 

Sylvia L Parker, Ph D 

Research Statistician, Bureau of Records, Department of Health, New York, N Y 

he Special Committee on Maternal Welfare of the Med- 
ical Society of the County of New York organized a 
study on Maternal Mortality in May, 1937 This is in 
reality a continuation of the study of all puerperal deaths 
m New York City, 1930-1932, by the Committee on 
Public Health Relations of The New York Academy of Medicine This 
study was published in 1933 by The Commonwealth Fund under the 
title Maternal Mortality m New York City The analysis group con- 
sists of two representatives of each voluntary and municipal hospital in 
New York County, one of the five counties (Borough of Manhattan) 
constituting the City of New York 

Meetings are held monthly, and the average attendance varies from 
eighteen to forty From ten to fifteen cases are studied at each meeting 
These cases are obtained through the cooperation of the Health Depart- 
ment, which gives us copies of death certificates concerned with preg- 
nancy and childbirth A questionnaire is then sent to the hospital or 
physician connected with the case In the very rare instance of a mid- 
wife attendant, personal contact is made The Maternity Centre Asso- 
ciation has been of great value in the clerical work attached to this study 
Smce the inception of this work, a total of 171 cases has been studied 
Before presenting an analysis of our cases, it is interesting to study a 
chart from the Department of Health analyzing the maternal deaths in 

* This report of the Committee on Maternal Welfare of the Medical Society of the County of New 
York was presented March 28, 1939 before the Section of Obstetrics and Gynecology of lhe New 
York Academy of Medicine 



Analysis of Maternal Deaths 


4 ° 5 


the City of New York for the last four years As may be seen, there has 
been a progressive decrease in all causes of death The mortality rate 
per 1000 live births has decreased 33 per cent 

New York State has also shown a decrease of 33 per cent The 
United States has shown a diminution in its maternal mortality rate for 
the last seven years In 1930 it was 6 7, and m 1937 it was 4 88— a dimi- 
nution of 27 per cent There are only four countries with a higher 
mortality 

The Quarterly Bulletin of the Department of Health of the City of 
New York in its February 1939 issue makes the following statement 
“It is of interest to study the course of the mortality of mothers in 
childbirth, a problem to which the Advisory Obstetric Council devoted 
its first attention For many years the maternal death rate had remained 
almost unchanged Thirty years ago it was 4 8 per 1000 live births, ten 
years later it was the same In 1928 it had risen to 5 3 and by 1933 to 6 4 
Although the maternal mortality rate had fluctuated somewhat in indi- 
vidual years, it would appear that the marked reduction in the rate 
during the past few years, reflects the excellent work done by the county 
medical societies in cooperation with the Department of Health ” 

When one studies Chart I, one may see that puerperal septicemia has 
decreased by 30 per cent In New York County the reduction is 68 per 
cent In classification No 148 (Puerperal phlegmasia, alba dolens) are 
included all cases of puerperal shock and embolus These have dimin- 
ished but little The difficulty m obtaimng autopsies makes it very hard 
to verify the causes of death Also to be noted is the slight change m 
the toxemic death rate 

Analysis of Maternal Deaths 

The 171 cases which we studied occurred during a period of twenty 
months, from May 1937 to February 1939 We have divided them into 
four classes, as shown m Chart II 

Under the designation, Obstetrical, are included cases m which the 
most important problem was primarily concerned with childbirth and 
pregnancy, and not with any other medical or surgical condition Most 
of the non-puerperal deaths were classified as maternal deaths by the 
Health Department, which follows the rules promulgated by the Federal 
Bureau of Census Thus the patients with spinal meningitis and bacterial 
endocarditis who died undelivered were put m the group of puerperal 


CITY OF NEW YORK DEATHS FROM PUERPERAL CAUSES, 
BY BOROUGH OF RESIDENCE 



Total puerperal causes 523 -159 -103 355— 177 155 109 89— 63 77 74 58— 197 156 la8 125— 76 65 63 72+ 10 6 4 11 + 

Mortality rate per 1000 Inc 52474035 35 

births 
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Chart II 

CLASSIFICATION OF 171 MATERNAL DEATHS, BY CAUSE 




Number 

| Percent 

Obstetrical 


104. 

60 8 

Extrauterine 


12 

7 

One full term abdominal pregnancy 




Post abortum 


32 

18 7 

With sepsis 

27 or 

84 per cent 


Others 

5 or 

16 per cent 


Non-Puerperal* 


23 

13 4 

Pneumonia 

6 



Cardiac 

4 



Bacterial Endocarditis 

1 



Thyrotoxicosis 

1 



Spinal meningitis 

1 



Kidney abscess 

1 



Acute appendicitis 

1 



Chronic nephritis 

2 



0\ arian abscess 

1 



Miscellaneous 

5 




* Cases where pregnancy and labor had no connection with the death or were contributory with 
another primarj factor 


sepsis, because there was an associated fever On the other hand a 
cesarean section for premature separation of the placenta m which 
autopsy showed acute yellow atrophy of hver, was classified as non- 
matemal However, conferences were held last year for the purpose of 
making a new classification of the causes of death, in which contributory 
factors will be evaluated differently 

Most of the cases of abortion were induced and died of sepsis 
However, a case of abortion with pernicious vomiting of pregnancy 
was classified as an obstetrical death Under extrauterine pregnancy is 
included one full term abdominal pregnancy with the placenta left in 
the abdomen, death was due to the toxemia caused by the absorption of 
the placenta 

At the meetings of the Mortality Analysis Committee, detailed 
discussion was principally concerned with the 104 obstetrical deaths 
analyzed in Charts III to IX These charts do not analyze the non- 
puerperal, abortive or ectopic deaths 
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ClI CUT III 

CLASSIFICA I ION OF 101 OBS1E1RICVL DEA1IIS, BY '1\pe 
OF IIOSPI1 VLI/A1IOX, AHENDAXCE AND PRENATAL CARE 


Place of Delivery 


Voluntary hospitals 

Municipal hospitals 

Proprietary hospitals 

Home 

Number 

59 

22 

18 

5 

Per cent 

57 

21 

16 3 

17 

Attendants 

Obstetricians and gynecologists 

66 

63 5 

Obstetricians and gynecologists and intern 

7 

67 

Obstetricians and gj necologists and general practitioner 

5 

18 

General practitioner 

9 

86 

Intern 

12 

115 

Midwife 

2 

19 

General surgeon 

1 


Unattended 

2 

1 9 

Prenatal Care 

Adequate 

89 

83 6 

No care 

15 

11 1 


(Onlv two of those with no care died of to\emia) 


Fifty-seven per cent of the obstetrical deaths were delivered in the 
voluntary hospitals Only 4 7 per cent were delivered at home 

Attendants 

Si\ty-three per cent of the attendants were specialists in obstetrics 
Another 11 5 per cent of the patients were attended by interns and 
general practitioners with the assistance of an obstetrician There were 
only tw o midwife attendants Thus it can be stated that 75 per cent of 
the cases received “the best possible skill both m diagnosis and treatment 
which the community could make available” This is the criterion of 
The New York Academy of Medicine study in 1933, already cited 
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ClI MIT IV 

CLASSIFICATION OF 104 PLERPERVL DEATHS, BY COLOR 

dumber Percent 

White 95 91 

Colored 9 9 

Foi the \ear 1938 in New A oik Count\, white births tot lied 27,280 or 87 per cent, 
colored births totiled 3,659 or 13 per cent 


PUERPERAL DEATHS BA COLOR IN 1938— Gre iter New Aork Cite 

Rates 

( per 10,000 live births ) 



Total 

White 

Colored 

II lute 

Colored 

Abortions with sepsis 

50 

31 

19 

3 1 

24 S 

Ectopic 

19 

12 

7 

1 3 

9 1 

Puerperal hemonhage 

61 

57 

6 

60 

78 

Puerperal sepsis 

61 

54 

7 

5 7 

91 

Albunnnuiia and eclamp 

31 

27 

4 

29 

52 

Other accidents of childbirth 

79 

71 

0 

7 7 

78 

All other puerperal causes 

57 

54 

3 

54 

39 

TOIAL 

357 

305 

52 

32 3 

67 9 


SOME A IIAL SI A IIS 1ICS TOR THE CENTRAL HARLEM HEALTH CENTER 

DISIRIC1 IN COMPARISON AM I H RATE FOR 

NEAV AOItK CITA 



19 li 1915 

19 i6 1937 

19 3 S 

Maternal mortality rite per 1000 live births 

9 2 14 6 

17 9 S 5 

54 

New A r ork Citv 

5 9 5 1 

47 40 

33 


Prenatal Care 

The question of prenatal care does not seem to be a principal factor, 
as only 14 per cent lacked adequate prenatal care This is in accordance 
cvith the views expressed by Aranow* “That while prenatal care 
is extremely useful m avoiding certain obstetrical complications, its 
importance in the prevention of maternal mortality has been over- 
emphasized ” However, it must be admitted that no thorough study was 
made of how adequate that care was 

* Aranow H Maternal mortality Prc entivt Medicine 1937 7 113 
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Color 

Ninety-one per cent of the deaths were of white women and 9 per 
cent of colored Chart IV (Department of Health) shows the causes of 
death according to color for the year 1938 The septic abortion death 
rate in colored women is more than seven times that prevalent in white 
women and the puerperal sepsis rate almost double The to\enuc death 
rate is nearly twice that of white In this respect, New York City paral- 
lels the conditions m the Southern States In Chart IV there is a com- 
parison of the death rates in the Central Harlem Health Center District 
(which is almost entirely colored) with that of the entire city The death 
rate in colored women has dropped almost 50 per cent in five years 

Methods of Delivery 

Chart V shows the types of delivery and causes of death More than 
half of the cases were operative, excluding the breech deliveries, and 
more than half (55 per cent) of the operative cases were cesarean sec- 
tions However, m reference to this question it is well to quote what 
Israel said m his study of maternal deaths in Erie County 

“Death rates following major operative techniques (version and 
cesarean section) are definitely higher than those following normal and 
low forceps deliveries, also, the rates following cesarean sections are 
definitely higher than those following versions From the data given no 
categorical statement can be made that major operative procedures are 
causes of higher puerperal mortality rates, it can definitely be stated, 
however, that the two are highly correlated, that greater chance for the 
mother’s death is associated with greater use of such techniques The real 
cause of such deaths may be the procedure used, on the other hand, it is 
equally likely that the complicating conditions which lead to the use of 
such measures would have caused death m any event It is probable that 
the use of these methods has prevented many deaths The presence of 
this high degree of correlation between major operative techniques and 
a high mortality rate complicates rather than simplifies the procedure 
In order adequately to determine the relation of such obstetrical methods 
to the death rate, a statistical study of complicating factors m a large 
number of unselected cases should be made Only after such a controlled 
study, eliminating the effect of such factors, can definite conclusions 
regarding the importance of such techniques as causes of death per cent, 


CAUSES OP DEATH AND METHODS OF DELIVERY OF 104 OBSIE1RICAL CASES 
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be judged In connection with this question of primac\ of delivery 
methods as causes of death, it is noteworthy that the scheme of classifi- 
cation of death certificates of puerperal deaths given in the Manual of 
Joint Causes of Death, the official standard of the Census Bureau, gives 
precedence to the complicating condition for which the operative tech- 
nique was used, rather than to the operation itself ” 

Hemorrhage accounts for 33 per cent of the maternal deaths and 
is thus the principal cause in New York County This primacy of 
hemorrhage may be due to the diminution m the sepsis incidence The 
wide use of blood transfusion and parenteral administration of fluids 
has apparently had no influence on the deaths from hemorrhage There 
may be a need for a revaluation of the methods used m the treatment 
of the third stage of labor Perhaps the amount of hemoirhage is 
underestimated and more accurate methods to determine the quantity of 
blood lost should be employed This whole subject is now being investi- 
gated by a special committee appointed by the New York City Board of 
Health 

In cesarean section, sepsis and pneumonia (the latter may be classi- 
fied as a septicemia) cause more than half of the deaths m that method 
of delivery 

Toxemia caused 1 3 4 per cent of the deaths Only three were colored, 
and five had inadequate prenatal care 

Heart disease is an important cause of puerperal deaths It should be 
evident that pregnant women with cardiac disease need specialised care 
Anesthesia was a cause of si\ deaths, four of these during forceps 
delivery Our Committee has recommended the employment of well- 
trained anesthetists m all obstetrical cases 

The case of tuberculosis was noted as an obstetrical death because it 
was not diagnosed during the early antepartum visits to the prenatal 
clinic 


Causes of Death and Methods of Delivery in Relation to 
Complications of Pregnancy and Labor 

Charts VT-IX 

(Pages 413-4H) 
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Chart VI 


CESAREAN SECTION 


34 Cases 01 317 pei cent ot 101 Obstetncal Cases 

Cl issical 13 

Low flap 20 

Peritoneil e\tlusion 1 


Cause of Death 

Sepsis 
Pneumonia 
Hemoi rhage 
Toxemia 

Essential liypei tension — pulmonary 
edema 
Embolus 
Cartlnc failure 

Aspiration aspliyvi 1 — anesthesia 


Complicating Conditions 
Prolonged labor 
1 oxeima 
PI Kent 1 pre\ia 
C lrdi ic disease 
Contracted peh is 
Pi e\ 1011 s cesarean 

Pienntuie sepantion of the placenta 
Priimp unengaged bead 
Elderly p ira 3 and fibroids 
Eldei ly prnnip and libioids 
Bicornuate uteius — transierse presen- 
t ition 

Hemiplegia — essential hj pertension 
Pre\ ions difficult labois 


Chart \ II 
FORCEPS 


24 Cases or 23 per cent of 104 Obstetncal Cases 
Low 14 

Mid 10 


Cause of Death 

Anesthesia 4 

Hemorrhage (1 

Shock 3 

Sepsis 2 

loxenna 2 

Embolnm 4 

Cardi ic failure 1 

Rupture of bladder, lumbar abscess, 
embolus 1 

1 r insfusion reaction 1 


Complicating Conditions 
Prophi lactic, 01 lou forceps 9 

Prolonged labor 9 

Eclmipsn ind toxemia 4 

Low implant ition and parti il sepa- 
r ition ot placenta 1 

CndiaL disease 1 
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Chuit VIII 

SPONTANEOUS BIRTHS 


31 Cases or 30 per cent of 

101 Obstetrical Cases 


Came 

of Death 

Complicating Conditions 


Hemorrhage 

12 

Antepartum sepsis 

O 

Sepsis 

7 

C irdi ic disease 

1 

Toxemia 

8 

No pathology 

7 

Emliolus 

1 

Eel impsin and toxemia 

10 

Pneumonia 

1 

Retained pi iccnta (2 syphilitic) 

1 

Cardiac failure 

1 

Post p irtum psychosis and pnctimo- 


1 uberculosis 

1 

nia 

1 



I o\\ implantation of placenta 

1 



tuberculosis 

1 



Dubetes, pjehtis 

1 


In a consideration of the complicating conditions in operative deliv- 
eries, the following facts must be noted 
Cesarean section 

(a) In 20 per cent of the cases the indication was prolonged labor 
Numerous studies have shown that the danger of a fatality in cesarean 
section increases with the number of hours the patient has been in 
labor (including the cases that have had no vaginal examinations) 

(b) Twenty of the thirty-four cases of cesarean section were of 
the low flap type 

(c) Only a small proportion of the cases were for contracted 
pelvis 

Forceps deliveries 

More than one-third were prophylactic or low forceps In this 
group two of the deaths were due to anesthesia However, it should 
be stressed that forceps deliveries per se are not to be considered as 
the cause of death 
Breech extraction 

Four of these patients died as a result of hemorrhage from a cervical 
laceration, which was not recognized immediately after delivery 
Edward M Davis in his address on “Professional Resources and 
Ability to Provide Good Maternal Care,” at the Washington Confer- 
ence m 1938 states 
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Chart IX 


BREECH EXTRACTION 
6 Cases or 5 8 per cent of 104 Obstetrical Cases 


Cause of Death 

Hemorrhage, shock, cervical laceration 
vomitus in lungs 
Hemorrhage, cervical laceration 
Hemorrhage, cervical laceration 
Hemorrhage, cervical laceration 
Embolus (8th daj) 

Cardiac death 


Complicating Condition s 

1 vv ins 

I o\\ implant ition of placenta 
1 ransv erse presentation 
Svphilis 

Chrome nephritis, retained placent 1 (24 
hours) 

Mild toxemia 


VERSION AND BREECH EXTRACTION 
3 Cases 


Cause of Death 

Sepsis 

Hemorrhage, sepsis, unrecognized cervi- 
cal laceration 
Sepsis 


Complicating Conditions 

Central placenta previa, 5 y 2 months, 
Braxton-Hicks version, incision of cervix 

Placent 1 previa, bag induction, hvster- 
ectomy 

Brow presentation, forceps deliverv at- 
tempted 


SPONTANEOUS RUPTURE OF UTERUS 
2 Cases 

Cause of Death Complicating Conditions 

Hemorrhage T9 jear Para IV, hysterectomv 

Hemorrhage Para V, 31 hours in labor in hospital, 

hysterectomy 


NOT DELIVERED 
4 Cases 

Cause of Death Complicating Conditions 

1 Toxemia Eclampsia 

2 Massive accidental hemorrhage Brought to hospital in shock 

3 Toxemia Pernicious vomiting of pregnancv 

4 Found dead at home with rupture of 

uterus (two previous cesareans) 
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“The family practitioner in charge of an obstetric patient may be in 
need of consultation when complications arise His inability to cope 
with these complications is no reflection on his training, for in all likeli- 
hood he has made the most of these opportunities, but they have not 
been sufficient to prepare him to meet emergencies ” 

When one considers the fact that serious obstetric complications 
occur rather rarely, one can realize the large number of patients the 
average attendant would have to see in order to develop sufficient skill 
to treat these complications 

E D Plass in an article in the Journal of the American Medical 
Association (Aug 27, 1938) states 

“The struggle to reduce maternal death rates, when viewed in terms 
of general practice, involves e\penences so isolated that their signifi- 
cance may well be lost If a practitioner has fifty obstetric cases annu- 
ally, he will observe only one serious complication each year and will 
not have more than one maternal death every four or five years Such 
isolated experiences are not impressive and are soon forgotten More- 
over, their rarity prevents the physician from acquiring the knowledge 
of diagnosis and treatment essential to saving these occasional patients 
Under prevailing conditions the wonder is not that so many women die 
as a result of child bearing, but that so many are carried safely through 
the perils of procreation ” 

Before stating our conclusions we present the study which follows 
of cesarean sections in New York County, prepared by Thomas J 
Duffield and Sylvia L Parker 

In March, 1938, new forms of birth and fetal death (stillbirth) cer- 
tificates were introduced in the City of New York These new forms 
included a supplementary confidential medical report, on the back of 
the certificate, which called for information concerning the period of 
^station, weight and length of the infant (fetus) at birth, complications 
of pregnancy and of labor, mode of delivery, method of induction of 
labor, if any, etc Mode of delivery had previously been collected with 
regard to live births but not in connection with stillbirths 

For the year 1938, therefore, information regarding mode of delivery 
is available for 97 per cent of the infants born alive in the County of 
New York (Borough of Manhattan) Because the old forms of stillbirth 
certificates did not call for any information on the mode of delivery and 
because the new forms of fetal death certificates came into use more 
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slowly than did the new birth certificates, information regarding the 
mode of delivery of stillborn fetuses was so incomplete during 1938 that 
the data presented in this paper are based solely on live births, although 
it is obvious that stillbirths as well as live births figure m both maternal 
mortality and cesarean sections At a later date we expect to present data 
on puerperal mortality and mode of delivery based on the entire re- 
corded exposure to risk 

The total number of live births recorded in Manhattan (New York 
County) in 1938, the number for which the mode of delivery was stated, 
and the percentage of infants born alive that were delivered by cesarean 
section, by color and place of birth, is presented in Chart X This infor- 
mation is presented for three groups of hospitals municipal, voluntary 
and proprietary 

Chart XI shows the variations m individual hospitals m the three 
classifications, listed in descending order of the percentage of cesarean 
deliveries among white live births With the exception of three munici- 
pal and two voluntary hospitals, the number of colored births in any 
individual hospital in the city is so small that the resultant percentages, 
xn general, lack statistical significance 

Regarding the cesarean rates shown in Charts X and XI, it should be 
pointed out that the decision to use the numbers of total live births 
rather than the number of live births with mode of delivery stated as the 
basis for these rates was made in the belief that for the purposes of this 
paper it was preferable to present cesarean rates which were the mini- 
mum values which the actual rates could have, if mode of delivery were 
known for every birth That is, it can be stated for each hospital, at 
least this percentage of the deliveries was by cesarean section To use 
percentages based on the numbers for which the mode of delivery was 
stated would amount to assuming that the cesarean rate among the deliv- 
eries with mode not stated was the same as the rate among those with 
mode stated 

If the proportion of deliveries by unknown mode were greater, or 
varied much in different groups to be compared, this would of course be 
a more serious question As it is, examination of the tables shows that 
none of the cesarean rates would be changed much, if the rates were 
based on the number of births for which the mode of delivery was 
stated In Table X, for example, the cesarean rates in municipal hospitals 
would be unchanged, those in voluntary hospitals would be raised from 


LIVE BIR1HS BY PLACE AND MODE OF DELIVER\ 
COUNTY OF NEW \ORK (MANHATTAN) 



i Hospitals villi 11101 c limn 150 li\e Imtlis cull in 10J8 
f 1 lospilals with less limn ISO li\e bulbs cieli m 1038 
•Number of bulbs too small lo allow eomputatum of rate 
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Chart XI 

CESAREAN SECTIONS IN HOSPITALS HAVING MORE 
THAN 150 LIVE BIRTHS EACH IN 1938 
NEW YORK COUNTY (MANHATTAN) 


Place of birth 

WHITE 

COLORED 

Live births 

Cesarean sections 

Live births 

Cesarean sections 

Total 

'O 

oi* 

u £ 

■g- 

EC 

— -i 

ll 

Number 

O 

O « 

C w 

u-S 

u -J 

SJ > 
P-nJi 

0 

0 d 

c ^ 

— u 

~z > 
0> 

U 

O 

5 

£ 

Per cent of total 

live births 


Total 

2879 

28a4 

46 

1 6 

2681 

2665 

31 

1 2 


A 

429 

428 

9 

2 1 

94 

94 

2 

2 1 

5 Municipal 

B 

332 

330 

6 

1 8 

2213 

2200 

22 

1 0 

Hospitals 

C 

620 

614 

10 

1 6 

162 

160 

3 

1 9 


D 

1208 

1199 

18 

1 5 

191 

190 

4 

21 


E 

290 

283 

3 

10 

21 

21 

0 

• 


Total 

20841 

20514 

794 

38 

918 

910 

38 

41 


A 

S32 

527 

4a 

8a 

6 

6 

1 

• 


B 

472 

469 

36 

76 

186 

185 

6 

32 


C 

974 

962 

o3 

65 

134 

133 

3 

22 


D 

1624 

1614 

98 

60 

9 

8 

0 

• 


E 

828 

814 

45 

54 

2 

1 

0 

• 


F 

841 

839 

38 

45 

1 

1 

0 

• 


G 

537 

534 

24 

45 

31 

31 

0 

00 


H 

2157 

21a4 

92 

43 

315 

315 

19 

60 


I 

586 

o65 

24 

4 1 

2 

2 

0 

• 

24 Voluntary 

J 

4o9 

446 

19 

4 1 

7 

7 

0 

• 

Hospitals 

K 

1020 

1013 

41 

40 

0 

0 

0 

• 


L 

1062 

lOaa 

40 

38 

26 

25 

2 



M 

314 

311 

11 

35 

17 

17 

0 



N 

423 

AId 

14 

33 

1 

1 

0 



0 

2781 

2781 

8a 

3 1 

112 

112 

5 

45 


P 

392 

379 

12 

3 1 

17 

17 

0 



Q 

464 

422 

13 

28 

1 

0 

0 



R 

81a 

814 

22 

27 

20 

20 

2 



S 

5a2 

533 

14 

2a 

1 

1 

0 



T 

876 

839 

19 

22 

7 

6 

0 



u 

1097 

1014 

19 

1 7 

19 

18 

0 



V 

814 

80S 

12 

1 a 

1 

1 

0 



W 

9a4 

9a0 

7 

07 

0 

0 

0 



\ 

262 

2a6 

1 

04 

3 

3 

0 



Total 

3046 

2889 

121 

40 

17 

16 

1 

• 


A 

241 

240 

19 

79 

0 

0 

0 

* 


B 

362 

334 

27 

75 

1 

1 

1 



C 

232 

232 

13 

56 

2 

2 

0 

* 


D 

596 

olo 

28 

47 

0 

0 

0 


11 Proprietary 

E 

399 

332 

16 

40 

0 

0 

0 


Hospitals 

F 

144 

142 

5 

3 5 

6 

6 

0 



G 

189 

189 

6 

32 

2 

1 

0 



H 

234 

225 

5 

21 

0 

0 

0 



I 

169 

la9 

1 

06 

2 

2 

0 



J 

31a 

307 

1 

03 

2 

2 

0 



K 

16a 

164 

0 

00 

2 

0 

0 



* Number ot births too small to allow computation ot rate 
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NEW T ORK COUNIT (XI TNII X 1 1’ VN) MA1EUNVL MOlllVIin* 

10 58 


Place of Birth 

T\ HUE 

COI ORED 

I iv e 
huths 

Number 

of 

cle iths* 

Rati per 
1000 live 
births 

Live 

births 

Number 

of 

tie itlis 

Rate per 
1000 live 
births 

5 Municipal Ilospitilsj- 

2870 

17 

59 

2081 

8 

5 0 

2 1 X olunt 11 y Hospitals! 

20811 

J8 

1 8 

918 

l 

l l*» 

11 Proprietirj Hospitals! 

30 lb 

10 

33 

17 

0 

0 0“ 

Other Hospitals! 

51-1 

3 

5 S“ 

11 

0 

0 0** 

lotil Hospitils 

27280 

08 

25 

3059 

12 

33 

Home 

1528 

2 

13** 

OSO 

0 

0 0“ 

GRAND 101 AL 

28808 

70 

2 1 

1339 

12 

28 


* Puerperal Mortilitv, exclusive of cleiths issocntecl with iliortion or ectopic gestation 
** B isetl on too small numbers for rites to hive statistic il sigmlic ince 
f Hospitals with moie than 150 live births each 
! Hospitals with less thin 150 live births each 


3 8 and 4 1 to 3 9 and 4 2, respectively The largest change would be in 
the white rate in proprietary hospitals, which would be raised from 4 o 
to 4 2 In Chart XI, the greatest changes would be in the white rates for 
proprietary hospitals B and D where the rates would become 8 1 and 
5 4, respectively, instead of 7 5 and 4 7 Conclusions drawn from these 
cesarean rates were subjected to the most stringent test possible, that is, 
examining whether the conclusion would still hold if, while keeping the 
highei of two cesarean rates at its minimum possible value, the lower of 
the two rates were given its maximum value by assuming that all the 
deliveries of unknown mode in that group were cesareans 

The five municipal hospitals as a group reported cesarean deliveries 
of 1 6 per cent of the infants born alive to xvhite mothers and 1 2 per 
cent to colored mothers In the voluntary hospitals the percentages 
among xvhite and colored were 3 8 and 4 1, respectively These figures 
indicate that cesarean section is much more frequently practiced in the 
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voluntary than m the municipal hospitals This comparison holds e\ en 
under the stringent test described above That is, assuming that m muni- 
cipal hospitals every one of the 2 5 live births to white mothers for w hich 
the mode of delivery was not stated was a cesarean delivery, there would 
have been 7 1 cesarean sections, giving a rate of 2 5 per 1 00 live births 
This figure is still considerably below the rate of 3 8 per 100 live births 
m voluntary hospitals, though the rate of 3 8 in voluntary hospitals treats 
the 327 live births for which the mode of delivery was not stated as if 
none of them was a cesarean The corresponding test of the cesarean rate 
for colored mothers, assuming every one of the 1 6 unknow ns m muni- 
cipal hospitals to have been a cesarean, would make 47 cesareans, giving 
a rate of 1 8 per 100 live births, m comparison with the minimum rate of 
4 1 m voluntary hospitals 

For any particular type of hospital the cesarean rates w^ere not sig- 
nificantly different for white and for colored mothers For all white 
mothers, on the other hand, the cesarean rate, 3 4 per cent, w'as twice 
as high as that for all colored mothers, 1 7 per cent This is an apparent 
contradiction to the previous statement It is easily explained, however, 
by the fact that 65 per cent of the coloied live births in Manhattan 
occurred in the municipal hospitals where the cesarean rate was low, 
whereas only 10 per cent of the white live births occurred in the muni- 
cipal hospitals 

Detailed study of the maternal mortality records foi the individual 
hospitals does not show any relationship between the percentage of 
cesarean sections performed and the mortality experienced The figures 
are not included in Chart XI as the numbers are too small to justify any 
computation of rates Chart XII gives, however, the mortality figures 
for groups of hospitals It is to be noted that in the municipal hospitals 
which obtain a larger proportion of their cases as emergency admissions 
through ambulance calls, the maternal mortality among white mothers 
was higher than in either the voluntary or the proprietary hospitals This 
is in agreement with other statistics available where a distinction is made 
between patients receiving adequate prenatal care and those admitted as 
emergencies The higher maternal death rate m municipal hospitals oc- 
curs in spite of the very much lower cesarean rate in those institutions 
The maternal mortality rate for colored mothers, however, was not 
higher in municipal hospitals than in voluntary hospitals 

As a final conclusion to be draw n from the above tables, it should 
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be emphasized that when abortions and ectopics are excluded, the mater- 
nal mortality rate for white mothers was only 2 4 per 1,000 live births 
and that for colored mothers was 2 8 per 1,000 live births 

Conclusions 

1 ) It has been said that the great progress in the practice of medicine 
was a result of a thorough study of autopsy material and discussion of 
cases at regular clinical pathological conferences The latter term can be 
applied to the work of our Maternal Mortality Study Group It can 
easily be seen how great is the educational value resulting from a study 
of maternal deaths among 30,000 annual births, which are discussed from 
the different viewpoints of the representatives of twenty-five hospitals, 
and four medical colleges 

2) When one considers that about 90 per cent of obstetrical cases 
will be delivered without any difficulty, and that the complications 
and obstetrical emergencies occur so rarely, one can readily see how 
difficult it is to acquire the art of obstetrics In addition, the facilities for 
the teaching of the student, the intern as well as the specialist, are very 
limited Perhaps the answer to this problem may be compulsory consul- 
tations m all difficult obstetrical cases This policy has already been 
advocated by a number of medical societies (Kings County and Philadel- 
phia) and has received practical support from the Federal Government 

3) It is apparent from our analysis of hospital deliveries that the 
cesarean rate is high in some institutions It is also true that more than 
one-third of the obstetrical deaths occur in cesarean section However, 
the municipal hospitals, with the lowest cesarean rate, have a higher 
mortality rate than the voluntary and proprietary hospitals This is prob- 
ably due to the fact, that the municipal hospitals have a much larger 
number of ambulance emergency patients, who usually have a greater 
number of obstetrical complications Perhaps there is also an economic 
factor, with its associated malnutrition and poor physical condition pres- 
ent in the municipal hospital cases * It has been stated that obstetrics is 
passing through a transition stage and that with the standardization of 
procedures and indications for operation, this operative mortality will be 
still further reduced Towards this latter end it must be evident that the 
work of our Mortality Analysis Group should be a great help 

We have not discussed the question of preventability of the maternal 
deaths The numerous studies published on that subject m the last few 


Analysis of Maternal Deaths 


4 z 3 


years have already produced their full value m exciting an interest in the 
subject of maternal mortality However, in any popularization of the 
figures of preventability there should be a separation of the deaths result- 
ing from abortion and extrautenne pregnancy, from those associated 
with the difficulties of childbirth and labor 

At our meetings for the analysis of cases, we discuss and vote on 
preventability The question of preventability is very often difficult to 
decide We feel that the greatest value to be obtained from our analysis, 
is that of learning from the unfortunate results before us 


* In discussing James K Quigley s paper on Maternal Welfare What \rc Its Fruits 5 (4tn J 
Obst & G\» 1940 349), the following statement was made by a Dr James R McCord 

“There is probably more in the problem of maternal mortality than good obstetric care You can 
take any map of maternal mortality rates and you find that most of the Southern States have 
high rates Also, in general, the colored rates are nearly twice as high as the whites You might 
immediately say that we are not doing good obstetric work m the South 

I live m a city of approximately one half million people with a colored population of laOQOO We 
deliver about 2 200 colored women a year in our clinic in the municipal hospital Our obstetric 
service is far from being a finished service but it is a conservative service Our total operative 
incidence is 3 96 per cent which includes the packing of the vagina Our forceps incidence for term 
and premature deliveries is 1 3 per cent the cesarean incidence 0 4b per cent and vet wc have 
an uncorrected maternal mortality rate of 6 4 per 1 000 pregnancies These women are getting 
good obstetric care and yet we have a tremendous mortality rate Approximately -o per cent of 
the women on our service are either illegitimately pregnant the husband unemployed or on W I* A. 

With agriculture in the depths negroes all over the South are moving into the larger cox^nuni ics 
where they are badly housed and ill fed Sepsis is the killer of colored women and certainly cn 
our service we can conscientiously say that it is in large measjre not our fault I do not mean in 
the least to deprecate good obstetric care but I do believe tha permanent lowering oi " a er lal 
mortality must be accompanied by a proportionately rising economic level 
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PROCEEDINGS OF ACADEMY MEETINGS 


si 1 1 n d me u t i x a s 

A11111. 1- — I' he Aero Jr orL Academy of Medi- 
cate Executive session — 1} Re ulmg of 
tlie minutes, b] Vote on amendments to 
constitution mil b\-Iivvs 1 the L if- 
teentli Herm inn Mich icl Biggs Memo- 
mi Lecture, Heirt chseisc — 1 world 
problem,” P nil Dudlev 'White, Lecturer 
m Medicine, Han ird Medic il School, 
Ptissicnn, M iss ichusetts Genenl flos- 
pitil II Report on election of members 

AiaiL 18 — The Haney Society m affiliation 
icith The Xu lo York Academy of Medi- 
cine Hie Seventh H irccv Lecture, 
‘ Morphologic ll ind I unction il Ylteri- 
tions of the Coron irv Circul ition,” 
Joseph 1 Meirn, Professor of Mech- 
eme, Western Resene University School 
of Medicine 


SLOT I OX MEETINGS 

Aikil 2 — Section of Dermatoloyy and Si/jdi- 
1 loloi/y Presentation of 1 ises — 1] Cite 
Hospital, b] New York Policlinic Hos- 
pitil, c] New York Plospital md Cor- 
nell Medical College d] Miscellaneous 
c ises Genenl discussion Executive 
session Nomin ition of Section Officers 
and one member of Ydv isorv Commit- 
tee 

VmiL a — Section of Surgere Reading of 
the minutes Present ition of cases — i] 

Y c isc of bilateral panic sis of inferior 
lmngeil nerve following tin roidec tome 
with spontineous recoverv, Henn P 
Grill 1111 (be im it ition) Discussion, 
Y\ lilt on C Y\ lute b] Paratln roid iden- 
0111a — multiple bone c\st form ition, 
pithologic >1 iruture, cure following op- 
er ition, Irwm E Siris, Discussion, \\ il- 
Imn Bird in Pirsons cj C vrcini 111a of 
the tlnroid (2 c ises) Erink B Bern 
Discussion, How ird Y Pitterson, dj 

Y case of lwperp ir itti\ roulisin. Norm m 
l Higinbothuu Discussion, Brullev 


l Colc\ 1 Pipers of the evening — i] 
C ineer of the thv raid, \\ illniui I \\ vt- 
son, John Pool, Discussion, I rcderie 
Bancroft, Yrtluir S McQutll m h] Re- 
currences in hvpertbv roulisin, Edwin B 
Eekerson, Discussion, Morris K Smith, 
cj 1 he treitmcnt of postoper itive 
tetinv, 1 rmcis M Dondiue, Discussion, 
Otto Piihhirdt V Gener d discussion 
U Executive session Nomin ition ot Sec- 
tion Officers ind one number of Yil- 
\isor\ Committee 

Aimi. 0 — Section of A euroloip/ and Piychi- 
atry Reading of tliL minutes £ Prcscn- 
t ition of c ises — 1| A c ise of tbroinbo- 
mgutis obliterans with cerebrd involve- 
ment, D I Impistito (bv invitition) 
b] Postencepli ilitie paid ilia tnd pdi- 
phrixu and forced singing (troni the 
New "York Umversitv Neuropsvelu itric 
Division of V elf ire Itospitil), S Bcr- 
mrd Mortis, Martin H Stein (bv invi- 
tation), Sidne\ Govons (bv invitition) 
U Papers of the evening — 1] Ncuro- 
spongiobl istom 1 clime il ind p itholog- 
icil ispects, Joseph II Globus Discus- 
sion, Otto Marburg (bv invitition), 
lewis D Stevenson, b] further experi- 
ence w ith cerv 11 il rib and the sc ilcniis 
interior svndroini, Russell Pitterson 
Discussion, Bronson H iv 1 xetiitive 
session Nomin ition of Section Officers 
mil one member of Ydusorv Commit- 
tee 

Yinii, 11 — Section of Pediatnci T xecutive 
session — a] Re uling of minutes b) 
Nomination of Section Officers and one 
member of Ydv isorv Committee 
K, Pipers of the cvenin,. — 1] 1 icliv- 

eardia in the new born, Herm in I ir- 
noveer (bv invitition) Discussion Ber- 
ton l ittin b] Rel ltionsbip of the lives 
from birth to three vcirs of i_c J 11 
Sillm in DDS (bv invitition) Dis- 
cussion II irrv Bahrein c] 1 be use of 
suit inietbv ltln l/ol in severe stiphvloioc- 
eie infections, Don till \\ eism in (bv in- 
vitation) Discussion, Harrv NeiT-on 
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(In imitation), cl] Bacteriological and 
epidemiological distinctions between 
Grade A and Grade B pasteurized milk 
in New "York Citj, Haven Emerson, 
representing the staff of the DeLamar 
Institute of Public Health of the Col- 
lege of Phjsicians and Surgeons, Colum- 
bia University H General discussion 

April 15 — Section of Ophthalmology In- 
struction hour — Neuro-ophthalmology, 
Kaufman Schhvek, Demonstration of 
slit lamp cases — Gordon M Bruce, Giro- 
lamo Bonaccolto, Milton Berliner IT Ex- 
ecutive session — a] Reading of the min- 
utes, b] Nomination of Section Officers 
and one member of Adv isory Commit- 
tee If Presentation of cases — a] Suba- 
cute dacryadenitis with fusiform bacillus 
conjunctivitis, Webb P Chamberlain 
(bv invitation) , b] Plastic maternal for 
orbital implantation, Conrad Berens, 
Sidney Rothbard (by invitation) , c] 
Autokeratoplasty, Wendell L Hughes, 
Discussion, John C Cunningham (by 
invitation) , d] A simple suture for re- 
tention of corneal graft, Sigmund A 
Agatston IT Papers of the evening — a] 
Observations on the innervation and 
pharmacology of the eye muscles, Morris 
Bender (by invitation) , b] Retrobulbar 
neuritis an analysis of one hundred 
cases, Frank D Carroll H General dis- 
cussion 

April 16 — Section of Medicine Executive 
session — a] Reading of the minutes, 
b] Nomination of Section Officers and 
one member of Advisory Committee 
U Papers of the evening — a] Histamine 
in anaphylaxis and allergy, Laurence 
Farmer, b] Histaminase Physiologic 
effects on man and its therapeutic value 
m medicine, Grace M Roth, Ph D , 
Mayo Clinic (by invitation), Bayard T 
Horton, Mayo Clinic (bv invitation) , 
Discussion, David Perla H General dis- 
cussion 

April 17 — Section of Gemto-Unnary Sur- 
qery Executiye session — a] Reading of 
minutes, b] Nomination of Section Of- 
ficers and one member of Ady isory Com- 


mittee For Chairman, John H Morris- 
sey, For Secret iry, Frank C Hamm, 
For Member of Advisory Committee, 
Simon A Beisler, c] Election of Section 
Officers and one number ot Yd\ isory 
Committee 5 Pipers of the. evening— 
a] A simplified method of nephropexy 
(motion picture), John Duff Discussion, 
0 S Lowslev, b] Hie genesis, diagnosis 
and treatment of urinary tuberculosis, 
Oscar Auerbach, Sea \ lew Hospital 
(bj invitation), William P llcrbst, 
Georgetown Medical School (bv invita- 
tion), John L Emmett, Mavo Clime 
(b> invitation) If Discussion 

April 17 — Section of Otolaryngoloi/i/ Ex- 
ecutive session — a] Reading ot the min- 
utes, b] Nomination of Section Officers 
and one member of Ydvisorv Committee 
U Papers of the evening — a] Sphenoulitic 
hjdroceplmlus, Irving B Goldman, Dis- 
cussion, George A Blakeslee, b] Ponto- 
facial angle tumors with pirticular ref- 
erence to involvement of the acoustic 
nerve, Joseph H Globus, Discussion, 
Bvron Stookev , c] Locali/cd non-sup- 
purative encephalitis of otorlunologic 
origin. Miles Atkinson (bv invitation). 
Discussion, Emanuel D Friedman, 
James G Dvvjcr II General discussion 

Airil 19 — Section of Orthopedic Snrgeri/ 
Executive session — a] Reading of the 
minutes, b] Nomination of Section Of- 
ficers and one member of Ydv isory 
Committee H Papers of the evening— a] 
Fascial transplants for abdomin d paral- 
ysis, Nicholas Ransohoff, Discussion, 
Leo Mayer, b] 'Ivvo-stage trinsplunta- 
tion of the fibula for infected pseud ir- 
throsis and congenital pseudarthrosis of 
the tibia, Philip Wilson, Discussion, 
John J Nutt, c] Osteoid ostcom 1 , 
Henry L Jaffe, Discussion, Y Sumner 
Price il Generil discussion 

Yiril 23 — Section of Obstetrics and Gyne- 
cology Executive session— a) Reading 
of the minutes, b] Nomination of Sec- 
tion Officers and one member of Ad- 
visory Committee if Papers of the eve- 
ning — a] Ihe mental hvgiene of preg- 


JUNE 1940 


4 2 7 


nincv, labor ind the puerpcrium, Mar- 
garet E Tries, Discussion, Cl lude E 
Heaton, Livvrcncc S Kubie, b] Causes 
of death in carcinoma <}.f the cerv ix 
uteri, an an ilvsis of 12-1 autopsies in 
1558 cases, Lionel S \ustcr, Angelo M 
Sala, c] 1 he hormonal etiology of cervi- 
c il c lrcinoma, Anthony Woltncr 


A F r I LI A TED SOCIETIES 

Mvncii 18 — New York Roentgen Society 
(in affiliation with The New York Acad- 
emy of Medicine) Presentation of cases 
^ Papers of the e\ening — a] The shrunken 
pulmonan lobe, Oswald It Jones (by 
invitation) , b] The vanishing lung, Stan- 
ton T Vllison (by invitation) ft Dis- 
cussion ft Executive session 

Mxncn 28 — New York Pathological Society 
(in affiliation with The New York Acad- 
emy of Medicine) Case reports — a] 
Hemangioendothelioma of lung, Alfred 
Plaut, b] An unusual case of congenital 
heart disease, M W Johannsen If Pa- 
pers of the evening — a] A consideration 
of so-called “granulosa” and “Theca” 
cell tumors of the ovary, Herbert F 
Iraut, b] Host-parasite relationships in 
some v irus encephalitides, Lester S King 

Viuil 15 — New York Roentgen Society 
(in affiliation with Die New York Acad- 
emy of Medicine) Presentation of cases 
U Papers of the evening — 1 ] V simpli- 


fied opcntion lor Meniere s svndroine 
ind for intr letable pain in the distri- 
bution of the glosso phmn^ed ind 
the trigeminal nerves, Vbrali 1111 K ipl in 
(bv invitation), b] An \-riv ml in the 
dugnosis of acute pvlephlebitis (portal 
thrombosis), Anthonv Bassler (bv invi- 
tation), c] Case of pelvic actmonn cosis 
treited by surgery ind Roentgen raj, 
Harriet C McIntosh, Maurice It lsh- 
baum (by invitation), d] Motion pic- 
ture Roentgen hvmograpluc studies of 
the movements of the small intestine 
and colon, George A W cltz, Munich, 
Germane (by courtesv of W ended G 
Scott, St Louis) II Discussion, I oster 
Kennedy (bv invitation) , M luricc It ish- 
b lurn (bv invitation) 1 Lxccutivc 
session 

ViitiL 25 — New York Pathological Socutg 
( in affiliation with The New York .lead- 
emy of Medicine) Case reports — a) 
lorula infection of the central nervous 
system, Leo Wade (bv invitation), b] 
Human tissue response to an unidenti- 
fied microorganism resembling the bacil- 
lus ligmercsi ind past (pseudo-gland- 
ers), F J Curphey 3 Papers of the 
evening — 1 ] Evaluation of postmortem 
bactenologv, Caspar G Burn, b] Intra- 
cranial pathvvavs for the extension of 
infection from the spheno-cthmoid 
sinuses, Rudolph Kramer (bv invita- 
tion), Max L Som (by invitation) 
r i Executive session 
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Cot, Hi.mii Clvrke Clifton lerr-ice, Wash- 
ington, D C , born m Cincinnati, Ohio, 
February 21, 1850, died in W islnngton, D 
C, April 21, 1940, received the degrees of 
AB in 1878 ind 11 A in 1881 from Tale 
Lmversity, 1ID from Hmard University 
Medical School in 1881 and from the Col- 
lege of Physicians ind Surgeons, Columbia 
Lmversity, in 1882 MRCS (England) 
1881, and LRCP (I ondon) 1881, elected 
a Fellow of the Academy J inuuy 15, 1885 

Dr Coe was emeritus professor of gyne- 
cology at New Tork University College of 
Medicine and it one time consulting gyne 
cologist to the Bellevue, Worn in’s, Poly- 
clinic, Beth 1st tel, St Joseph’s, Southside 
and Menton tl Hospitals He was a Fellow 
of the American College of Surgeons, a 
Fellow of the American Medical Association 
and a member of the State and County 
Medical Societies 

During the World W ir. Dr Coe served 
two veais in foreign service as Colonel of 
the Medical Corps of the U S Armv and 
w is cited for distinguished service 

Kraet/er, Arthur F cm wax 123 E ist 53 
Street, New Tork City born in Brooklyn, 
April 16, 1891, died in New Tork Citv, 
March 4, 1910 graduated in medicine from 
Cornell University Medical College in 1916, 
elected a Fellow of the Academy February 
3, 1927 

Dr Kraet/er was director of medicine at 
the Knickerbocker Hospitil, assoente at- 
tending physician to the Leno\ Hill Hos- 
pital and attending physician to the thvroul 
out-patient-department at th it institution 
He was a rellow of the American Medical 
Associ ition md a member of the Countv and 
State Medic il Societies 


Rues, Acsu n Fox Stockbridge, Massachu- 
setts, boin in Cassel, Germany, December 
12, 187b, died in Stockbridge, Mirth 5, 
1910, received the degree of A B from Ilur- 
v nd University in 1898, M D from the Col- 
lege of Plnsicnns and Surgeons, Columbia 
Lmveisity, m 1902, and Sc D from Williams 
College in 1937, elected i Fellow of the 
Ac idcmv December 7, 1905 

Dr Riggs wis founder, medical director 
and president of the Austen Riggs Founda- 
tion, clinical professor of neurology it the 
College of Physitnns ind Surgeons, Colum- 
bii Lnnersitv, consulting psvcluatrist to 
\ ass ir College (Poughkeepsie) ind Williams 
College (Willamstovin) , and consulting ncu- 
lologist to the House of Mercy Hospital it 
Pittsfield 

During the Woild War, Dr Riggs re- 
cruited ind comminded the Americin Relief 
Corps Ambulance No 13 and after this eoun- 
tiy’s entnnee he served is i member of the 
Medical Advisory Boird of the first md 
second selective military drafts lie was a 
lieutenant in the Medic il Reserve Corps of 
the United States Armv at Ins de ith 

Dr Riggs was i diplonnte of the Ameri- 
cin Board of Psychiatry ind Neurology, a 
Fellow and life member of the Americin 
College of Physicians, a Fellow of the 
Americin Medical \ssociution, a member 
of the American Neurological Associ ition, 
the American Psychiatric Association, the 
National Committee on Mental Hv giene, and 
the M issachusetts and New T ork State 
Medical Societies 

Dr Riggs was the author of “Just 
Nerves,” “Intelligent Living,” and “Play ” 

Roberts, Duijlfi De Vore 420 Lexington 
Avenue, New York Citv, born in Newark, 
New Jersey, March 1, 1871, died in New 
York Citv, March 9, 1910, graduated m 
Medicine from the College of Physicians and 
Surgeons, Columbia University, in 1898, 
elected a Fellow of the Academy January 
2, 1919 * 

Dr Roberts w as consulting physician to the 
United States Marine Hospital at St iple- 
ton, Staten Islind, ind a member of the 
\merican Gastro-Enterological Association 
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